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NOTES  ON   THE  VALE  OF  CLWYD  CAVES,   BY  C.    E.   DE  RANGE,   F.G.S., 
ASSOC.INST.C.E.,   F.R.G.S.,  HONORARY  MEMBER  MANCHESTER 

GEOLOGICAL  ^OCIETY. 

To  realize  tlie  full  significance  of  the  facts  lately  discovered  at 
Tremeircbion,  on  the  east  side  of  the  Vale  of  Clwyd,  and  half-a-century 
ago  at  Cefn,  on  its  western  slope,  it  is  necessary  to  review  the  evidence 
that  has  been  obtained  in  other  parts  of  North  Wales,  in  Cheshire, 
in  Cumberland,  and  especially  in  Lancashire,  in  \ihich  county  a  com- 
plete sequence  of  deposits  can  be  determined  from  the  commencement 
of  the  Glacial  conditions  down  to  the  present  time. 

The  upper  portions  of  the  Lancashire  valleys  are  found  to  be 
what  Professor  Green  lias  well  called  "valleys  within  valleys,"  the  more 
ancient  depression  having  been  filled  up  with  Glacial  Drift,  which  has 
been  re-excavated  out,  by  the  gradual  denudation  of  the  rivers  running 
tlirough  them.  The  work  ot  widening  is  effected  by  the  outer  bends 
of  the  "  S  "-like  curves  of  the  rivers,  these  slowly  move  their  position 
in  the  direction  of  the  flow  of  the  stream,  so  that  after  a  sufficient 
time  has  elapsed,  the  cutting  bend  of  the  '*S"  reaches  the  precise 
point  which  its  predecessor  occupied. 

The  Lancashire  rivers  have  not  only  excavated  wide  valleys  more 
than  a  mile  across,  like  that  of  the  Ribble  at  Preston,  but  have 
excavated  them  vertically  to  a  depth  of  nearly  200  feet,  the  process 
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going  on  until  the  negative  gradient  was  reached  of  that  particular 
stream  from  its  source  to  the  sea,  below  which  denudation  ceases,  so 
long  as  the  levels  of  the  land  remain  constant. 

Thus  it  happened  that  when  the  cutting  bend  of  the  "  S  "  occu- 
pied the  position  of  the  similar  curve  of  its  predecessors,  the  stream 
level  was  vertically  lower  by  the  amount  denuded  during  tlie  i)oriod 
of  the  seaward  progression  of  the  curve  to  its  predecessors  position, 
consequently  the  silt  and  other  material  thrown  down  during  floods, 
forming  the  alluvium  of  the  stream,  was  deposited  successively  at 
lower  and  lower  levels ;  such  portions  of  these  alluvial  flats  that 
have  escaped  subse<j[uent  denudation  form  terraces  fringing  the  sides 
of  the  valley,  the  varying  height  of  which  mark  the  successive  stages 
in  the  process  of  deepening  the  valley.  The  lowest  alluvial  flat  still 
in  process  of  formation,  consists  of  a  bed  of  loam  above  a  peaty 
horizon,  resting  on  coarse  gravel. 

On  the  western  margin  of  the  glacial  drift  uplan(l-j)]aius,  great 
marine  denudation  has  gone  on,  and  lowland  plains  continuous  with  the 
most  modem  alluvial  flat  of  the  Kibble  have  come  into  existence, 
here  the  sequence  is  Blowing  and  Blown  Sand,  and  Scrobicuhiria- 
clays  resting  on  thick-beds  of  peat,  which  between  the  Mersey  and 
the  Bibble  rests  on  an  ancient  Blown  Sand,  which  I  liave  named  the 
"  Shirdley  Hill  Sand  "  ;  and  between  the  Kibble  and  Wyre,  upon  an 
ancient  shingle  bed,  I  named  the  "  Presall  Shingle." 

Following  the  thick  peat  of  the  low-level  plains  into  tlie  Kibble 
valley,  it  is  found  to  be  continuous  with  the  peaty  horizon  of  the 
lowest  alluvium  of  that  river,  proving  that  the  valley  had  been  exca- 
vated to  its  full  width  and  depth  before  the  growth  of  the  peat  out  in 
the  low-level  plains. 

Examination  of  the  peat  deposits  on  the  coasts  of  North  Wales, 
Cheshire,  Lancashire,  and  West  Cumberland  point  to  the  land  stand- 
ing at  a  higher  level  in  regard  to  the  sea  than  at  present.  At  a 
boring  at  the  Palace  Hotel,  Birkdale  Park,  Southport,  the  peat  horizon 
occurred  69  feet  below  high-water  mark.  In  Liverjwol  Bay  the  fisher- 
men constantly  bring  up  pieces  of  peat  in  the  trawls,  at  Kossal, 
Crossens,  and  Hightown  in  Lancashire,  at  Leasowe  in  Cheshire,  and  at 
Llanderillo-yn-Khos  in  Denbighshire,  the  peat  beds  are  seen  extending 
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down  below  high-water  mark,  and  doubtless  formerly  passed  beneath 
the  level  of  low  water,  along  which  they  have  since  suffered  denuda- 
tion ;  borings  also  at  Rhyl  at  the  mouth  of  the  River  Clwyd  in 
Flintshire  establish  the  same  facts,  peat  beds  underlying  Blown  Sand 
and  Estuarine  Beds  beneath  the  level  of  low-water. 

Roman  remains  occur  in  the  estuarine  deposits  overlying  the 
peat  beds  of  Lease  we,  and  near  Fleetwood,  and  north  of  Rossal  a  large 
number  of  Roman  coins  were  discovered  in  marine  silt  resting  on  the 
peat,  which  were  probably  lost  by  the  Romans  slipping  about  on  the 
mud  banks,  at  a  period  when  the  levels  of  land  and  sea  were  much  as 
at  present ;  the  position  of  the  remains  of  a  Roman  Bath  at  Freckleton, 
west  of  Preston,  points  to  the  same  fact,  and  no  change  of  level 
appears  to  have  taken  place  since  Roman  times. 

The  coarse  gravels  at  the  base  of  the  Ribble  Alluvium  and  the 
shingle  in  the  plains  between  Garstang  and  Presall  point  to  a  period 
of  considerable  denudation,  the  sea  wasting  the  Glacial  Drift  and 
forming  the  lowland  plain  which  subsequently  constituted  an  area  of 
obstructed  drainage,  culminating  in  the  growth  of  peat,  and  the 
rivers  deepening  and  widening  their  main  valleys  to  their  present 
proportions. 

The  previous  steps  of  fluviatile  denudation  and  consequent 
fluviatile  deposition  of  a  small  portion  of  the  material  denuded, 
appears  to  have  proceeded  along  in  similar  lines,  points  to  a 
recurrence  of  physical  conditions,  Jirstf  large  gravel  formed  dur- 
ing a  period  of  denudation,  second,  peaty  beds  with  trunks  of  trees 
formed  during  a  period  of  obstructed  drainage,  thirds  a  period  of 
tranquil  deposition  of  fine  loam.  These  conditions  are  marked  in  the 
sequence  of  deposits  in  the  river  terraces  of  the  Ribble  and  the  Irwell. 

Reviewing  the  whole  of  the  evidence  afforded  by  the  Post- 
glacial deposits,  it  will  be  seen  tliat  no  geological  work,  or  physical 
changes  in  level,  or  condition  of  the  country  appears  to  have  taken 
place  since  the  Roman  era,  but  between  the  close  of  the  Glacial 
episode,  or  at  all  events  after  the  deposition  of  the  latest  glacial 
deposit  and  the  advent  of  the  Romans,  the  wide  and  deep  valleys  of 
Western  Lancashire  were  excavated  out  of  the  Glacial  Drift  by 
fluviatile  denudation. 
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The  Glacial  Drift  of  the  north-west  of  England  and  the  coiist  of 
North  Wales  is  generally  made  up  of  an  Upper  Boulder  Glay, 
reddish  or  brown  in  colour,  traversed  by  vertical  jointn,  in  the  neigh- 
bourhood of  which  the  colour  of  the  clay  is  generally  of  a  leaden  hue, 
it  is  obscurely  stratified,  contains  rounded  and  semi-rounded  pebbles 
and  blocks,  that  had  been  previously  ice-worn  and  scratched,  probably 
by  the  action  of  coast-ice,  shells  of  recent  mollusca  occur  occasionally, 
but  generally  in  a  fragmentary  condition,  and  have  probably  been 
derived  from  the  gravel  generally  found  beneath  these  gravels,  or 
rather  shingle  beds  associated  with  thick  beds  of  sand,  have  been 
called  the  "Middle  Drift,"  from  their  overlying  a  Lower  Boulder  ('lay, 
where  seen  in  section,  as  in  the  Bispham  and  Norbreck  Cliffs,  north 
of  Blackpool,  the  banks  of  the  Ribble  Valley  at  Red  Scar,  east  of 
Preston,  the  cliffs  near  Egremont,  in  Cheshire,  and  Mostyn,  in  Flint- 
shire.    The  pebbles  in  the  Middle  Drift  are  invariably  derived  from 
the  underlying  or  immediately  adjacent  local  deposit,  and  are  made 
up  of  fragments  of  coal,  coal  measure  sandstones,  or  millstone  grits, 
if  these  rocks  underlie  it,  or  of  erratic  pebbles  derived  from  the 
Lake  District,  if  the  Lower  Boulder  Clay  forms  the  underlying  deposit. 
The  sands  are  extensively  current-bedded,  generally  in  a  S.S.E. 
direction,  or  that  now  taken  by  the  tidal  current  flowing  past  the 
Mull  of  Cantyre,  on  the  coast  of  Cumberland,  and  that  of  Morecambe 
Bay,  where  this  portion  of  the  tidal  current  now  meets  that  flowing 
through  St.  George's  Channel,  which  during  the  glacial  submergence 
was  not  the  case.    Shells  of  recent  mollusca  occur  plentifully  in  pebbly 
seams,  the  shells  aregenerallyfragmentary,butat  Macclesfield,  Ley  land, 
Preston  and  Blackpool  they  occur  in  a  perfect  condition,  and  probably 
lived  at  the  site  of  the  localities,  where  they  are  found,  when  covered 
by  the  glacial  sea,  the  species  of  many  are  northern,  and  resemble 
those  now  living  at  the  North  Cape ;  in  the  peculiar  thickening  of  the 
c^nal  of  the  univalves,  and  the  umbos  of  the  bivalves,  they  resemble  the 
shells  of  recent  mollusca,  brought  back  from  Grinnel  Land,  by  the  late 
British  Arctic  Expedition.     A  similar  assemblage  of  shells  is  found  iu 
the  sands,  occuring  at  very  different  levels,  varying  from  that  of  the 
present  high-water  mark  to  1,200  feet  above  it,  it  is  probable  that  the 
deposits  of  the  higher  elevations  are  more  modern  than  those  of  the 
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lowlands,  by  the  time  which  it  took  for  the  land  to  subside  that 
vertical  amount,  and  that  the  deposits  were  thrown  down  in  water  of 
a  similar  shallow  depth,  in  all  the  sections  examined.  There  is  how- 
ever evidence  in  a  large  number  of  borings,  especially  in  the  Coal-fields 
of  Flintshire,  Wigan,  and  Manchester,  that  a  repetition  of  conditions 
took  place,  and  that  more  than  two  boulder  clays  exist,  and  that 
considerably  more  than  one  horizon  of  sand  occurs. 

In  some  sections  near  Brinscall,  and  in  other  parts  of  Lancashire, 
the  oldest  glacial  deposit  consists  of  a  tough  stiff  clay,  with  local 
fragments,  which  in  places  is  seen  to  be  overlaid  by  Lower  Boulder 
Clay  of  the  ordinary  type,  in  which  obscure  traces  of  stratification 
are  to  be  seen.  As  I  pointed  out  many  years  ago  [Nature,  1870] 
the  same  sequence  is  seen  in  the  glacial  drift  deposits  off  the  coast  of 
North  Wales  :  a  Lower  Boulder  Clay  with  northern  erratics  lying  on 
the  eroded  surface  of  dark  leaden-coloured  clay  containing  local  frag- 
ments ;  Sands  and  Shingle  Beds  resting  on  the  Lower  Boulder  Clay 
with  erratic  fragments.  These  Sands  and  Shingle  attain  a  thickness 
of  nearly  one  hundred  feet  at  Holywell,  in  the  valley  between  the 
station  and  the  town  ;  near  Mostjm  also  they  were  seen  in  extensive 
sandpits,  and  on  the  opposite  side  of  the  Clwyd  Valley  they  are  seen 
interstratified  with  red  Boulder  Clays  between  Colw)m  Bay  and  the 
Little  Orme's  Head.  In  the  neighbourhood  of  St.  Asaph,  in  the 
centre  of  the  valley,  these  middle  glacial  beds  have  been  dug  for 
sand,  and  contain  the  usual  assemblage  of  shells  found  in  the  same 
beds  at  various  Lancashire  and  Cheshire  localities.  Between  Mostyn 
and  St  Asaph  these  sands  were  described  by  Dr.  Buckland  in  the 
Reliquiie  Diluviana?,  London,  1823.     He  gives  the  following  section 

of  the  Talargoch  Mine,  shafts  not  named  : — 

Feet, 

1 .  Vegetable  mould  ...        2 

2.  Clay  ...  ...       78 

3.  Sand  and  Gravel  . .     204 


284 
He  states  that  pebbles  of  lead  and  some  pebbles  of  copper  occurred 
in  the  gravel,  and  that  horns,  teeth,  and  bones  of  Mammalia  occurred 
at  from  40  to  70  yards  fit)m  the  surface,  and  also  in  the  bottom  bed 
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resting  upon  the  rock.     Mr.  Trinnner,*  in  1836,  states  that  two  bones 
found  at  Talargoch  Mine  in  a  bedof  gravel  at  G3  yards  from  the  surface, 
associated  with  marine  shells,  were  presented  by  Mr.  Thomas  Harrison 
to  the  Caernarvon  Museum,  the  bones  were  described  by  Bnckland  as 
the  astragalus  of  a  large  deer,  and  the  humencs  of  a  smaller  species. 
Two  perfect    specimens  of  Purpura  luptllus  were  shown  to   Mr. 
Trimmer  found  in  the  eastern  end  of  the  works.     The  bones  found 
at  Takrgoch  have  got  scattered  over  the  country,  but  one  is  pre- 
served in  the  Chester  Museum,  and  has  been  identified  by  Professor 
Boyd  Dawkins,  F.R.S  ,  as  the  left  ilium  of  a  bison.     The  gravel  beds 
were  also  described  as  being  worked  for  the  rolled  frngments  of  lead  at 
Grounant  Mine  by  Dr.  Bnckland,  the  Glacial  Drift  being  104  feet  in 
thickness.     The  following  table  by  Mr.  Strahan,  F.G.S.,t  gives  the 
level  of  the  base  of  the  Drift  below  the  ordnance  datum  level  :  — 

Feet. 
At  Talargoch  Walker's  Shaft  ...         41 

„  Prestatyn  bore-hole         ...  ...        54 

„  Foryd  bore-hole  ...  ...         80 

THE  CAVES  OF  THE  VALE  OF  CLWYD. 

The  scientific  exploration  of  caverns  appears  to  have  spning 
from  the  search  after  the  *'  ebur  fossili  "  or  unicorns  horn,  in  the  deep 
caverns  of  the  Hartz,  Franconia  and  Hungary.  So  far  back  as  1603 
Dr.  Gesner  had  noted  that  this  supposed  specific  for  many  diseases, 
was  in  fact  the  elephant's  teeth,  tusks,  and  other  fossil  bones.  In 
1672  Bauman's  Hole  in  the  Hartz  was  described  in  the  Philosophical 
Transactions.  In  the  following  century  the  caves  of  Franconia 
engaged  the  attention  of  numerous  German  observers,  and  bones  were 
identified  by  Baron  Cuvier.  Tlie  most  important  of  these  was  the 
cavern  of  Gailenreuth,  from  which  vast  quantities  of  bones  of  hyaenas, 
lions,  and  other  animals  were  obtained.  The  year  1810  appears  to 
have  been  the  moment  when  public  interest  in  these  matters  was 
greatest,  and  the  experience  of  cavern  exploration  in  Germany  fully 
matured,  which  was  the  time  chosen  by  Dr.  Bnckland  for  his  visit  to 


*  On  the  Dilavial  or  Northern  Drift  of  the  eastern  and  western  side  of  the 
Cambrian  Chain  by  Joshua  Trimmer,  1838,  pp.  32-33. 

t  Gkology  of  Rhy],  Abergele  and  Colwyn.    Memoirs  Geol.  Survey,  1885. 
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tliis  remarkable  cavern,  in  which  he  learaed  those  methods  of  re- 
search which  subsequently  laid  the  foundation  of  all  scientific  cavern 
exploration  in  Britain.     It  was  in  this  county,  in  the  cave  of  Kirk- 
dale,  in  the  Vale  of  Pickering,  25  miles  north-east  of  York,  that  Dr. 
Buckland  first  applied  the  knowledge  he  acquired  at  Gailenreuth, 
and  proved  by  the  most  conclusive  evidence  that  the  cave  had  been 
inhabited  by  hyaenas,  who  had  gnawed  the  bones  of  their  prey  in  the 
manner  he  had  observed  the  modern  hyasna  of  the  Cape  of  Good  Hope, 
gnawing  bones  of  an  ox  in  a  menagerie. 

The  Victoria  Cave,  near  Settle,  was  discovered  by  Mr.  Jackson, 
in  1837,  in  a  limestone  scar  1,450  feet  above  the  sea,  and  subsequently 
explored  under  his  superintendence,  by  a  British  Association  Com- 
mittee, in  1870,  1871  and  1872.     The  section  near  the  mouth  was 
found  to  be  as  follows,  according  to  Professor  Boyd  Dawkins"  : — 

Ft.  In. 
Post-Roman  Talus  ...  ...     3    0 

Romano-Celtic  Stratum        ...  ...     2    0 

Talus,  with  Neolithic  horizon  at  its  base    6    0 
Grey  Clay  ...  ...        4    0  to  6    0 

The  Grey  Clay  occupies  the  entrance  and  inside  of  the  caves  to 
an  unknown  depth,  a  sliaft  sunk  to  a  depth  of  25  feet  near  the 
entrance  proved  the  following  sections,  in  descending  order  : — 

Ft.  In. 
StiflF  grey  clay,  with  stalagmite  layer  ...       6    0 

Finely  laminated  calcareous  clay       ...  ...     12    0 

StiflF  grey  clay      ...  ...  ...  ...       6    0 

A  second  shaft  further  in  the  caves  failed  to  find  the  base  of  the 

day  at  12  feet,  but  a  third  shaft  still  further  in  the  cave  proved  4  feet 

of  reddish  loamy  cave-earth  to  underlie  about  5  feet  of  it.     The 

cave-earth  contains  the  bones  and  teeth  of  the  same  group  of  animals 

that  occur  at  Kent's  Hole,  Wookey  Hole,  and  other  places,  and  that 

reached  Europe  before  the  commencement  of  the  glacial  episode. 

Mr.  Tiddeman,  P.G.S. ,  describes  certain  portions  of  the  grey  clay  as 

being  laminated  like  the  boulder  clays  of  Ingleton,  and  Clifton,  near 

Manchester,  where  it  was  first  described  by  the  late  Mr.  Binney, 

*  Cave  Hanting,  p.  S7,  London,  1S74. 
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F.R.S.,  under  the  expressive  name  of  "book-leaves."  Professor 
Dawkins  states  that  they  occur  at  all  horizons,  and  even  under  the 
cave-earth,  in  interstices  between  the  large  blocks  of  limestone  under- 
lying the  cave-earth. 

The  Victoria  Cave  in  many  respects  resembles  the  Caves  of  the 
Vale  of  Clwyd,  in  the  Yorkshire  Cave  certain  deposits  alleged  to  be 
glacial  rest  upon  the  Bone-earth,  but  their  age  has  been  disputed  in 
the  Clwydian  Caves,  also  the  Bone-earth  is  overlaid  by  glacial  deposits, 
the  presence  of  which  has  been  referred  to  Swallow-holes,  and  to  a 
wash  from  older  deposits.  After  careful  study  of  the  Welsh  Caves, 
and  all  that  has  been  written  upon  them,  I  think  there  is  no  doubt 
tliat  they  were  inhabited  by  hyaenas,  and  were  visited  by  man  before  the 
submergence,  during  which  the  local  glacial  deposits  were  thrown  down. 
In  the  year  1832,  the  Rev.  Edward  Stanley,  Vicar  of  Alderley 
Edge,  afterwards  Bishop  of  Norwich,  and  father  of  the  late  Dr. 
Stanley,  Dean  of  Westminster,  visited  what  was  then  called  the  Cefn 
Cave,  a  perforated  arch  through  which  the  road  is  carried,  in  which 
he  describes  the  occurrence  of  the  bones  of  animals,  stags'  horns, 
and  a  human  skull  pierced  with  some  sharp  instrument.  After 
examining  this  natural  tuimel  he  heard  that  a  new  cave  had  been 
discovered  100  feet  higher  up  on  the  hill,  and  about  40  or  50  feet 
below  the  summit,  it  was  discovered  in  cutting  a  ver}'  extensive  series 
of  walks,  by  the  owner  Edward  Lloyd,  Esq.,  he  found  the  new  cave 
to  have  two  entrances,  the  western  being  full  of  bone-earth,  made  of 
comminuted  fragments  of  bone  with  numerous  large  bones  of  mammals, 
gnawed  and  crushed  by  hyaenas,  whose  teeth  were  plentiful .  He 
visited  the  cave  in  February,  and  again  in  April,  and  found  the  fine 
loam  in  it  to  fill  up  the  cavern  nearly  to  the  roof,  which  he  considered 
was  formerly  entirely  sealed,  he  described  the  laminated  appearance 
of  the  loam,  and  the  occurrence  of  bones  and  broken  pieces  of  hjizel 
or  birch.* 

In  1836,  Mr.  Bowmanf  inferred  from  the  presence  of  sand  and 
gravel  within  18  inches  of  the  roof,  that  the  cavern  must  have  been 
a  water-course. 


*  Edinbargh  New  Philosophical  Journal,  Vol.  XIV,  p.  4U-53. 
t  J.  E,  Bowman,  Cefn  Bone  Cave,  Brit  Abboc.  Report,  1886, 
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The  section  he  describes  as  consisting  of : — 

1.  Impalpable  mud  lamined,  1ft.  6in.  to  2fk.  Oin. 

2.  Marl,  or  clay,  with  angular  limestone  waterworn  pebbles, 

passing  down  into  pure  bone-earth,  with  haeynas,  rhino- 
ceros, 2fb.  Oin. 

3.  Diluvial  clay,  pebbles  of  clay-slate,  splintered  bones  and 

stalactites,  2ft. 

4.  Coarse  and  fine  sand,  loam,  and  clay,  no  bones  or  shells, 

3ft.  Oiu. 


Flgare  !•    Cefn  Cave  [Trimmer.] 

a.  Level  of  Gaye  entnuioe. 

b.  Mud,  with  rounded  pebbles  of  granwache,  limestone  or  wood, 

coTered  with  stalagmite, 
a    Mud,  bones,  and  angalar  fragments  of  limestone. 

d.  Sand,  silt,  with  fragments  of  marine  shells. 

e.  Fissnre. 

f.  Northern  Drift 

g.  Caye  cleared  of  mad. 

h.   Biyer  Elwy  100  feet  below  caye. 
i     Limestone  rock. 

Mr.  Joshua  Trimmer*  in  1838  correctly  described  the  position  of 

the  Cefh  Caves,  as  being  in  a  locality  in  which  the  local  Cambrian  Drift 

met  with  that  derived  from  the  north.     He  states  the  beds  nearly 

filled  the  cavern  to  the  roof,  which  communicated  with  the  surface 

by  fissures,  and  describes  the  Northern  Drift  as  occurring  both  on  the 

surface  and  in  the  fissures.     He  describes  the  sedimentary  deposits 

*  Trimmer.    Cefn  Bone  Cave.    Brit.  Assoc.    Beport  for  1838-1839.    Also 
PtmcUcal  Geologj  and  Mineralogj,  London     John  W.  Paxker,  1841,  p.  400  eta 
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filling  the  cavern  as  consisting  in  descending  order  of  sand  and  marl, 
containing  fragments  of  marine  shells  like  those  dispersed  near  the 
neighbouring  district.  He  mentions  that  the  sediment  is  very  finely 
laminated,  and  that  the  bone-bearing  loam  was  separated  into  two 
beds  by  a  crust  of  stalagmite.  The  lower  bed  he  states  "  was  below 
the  level  of  the  entrance  from  the  face  of  the  cliff,  and  contains  bones 
and  teeth  enveloped  in  sediment,  and  mixed  with  smooth  pebbles 
like  those  of  the  adjacent  river,  and  fragments  of  wood."  The 
authors  point  out  that  the  lower  bed  must  have  been  formed  by  the 
river  when  it  flowed  at  a  different  level,  and  the  marks  on  the  bones 
show  that  it  was  the  home  of  carnivora  ;  and  he  points  out  that  it 
must  have  been  sub-aerial  for  a  time,  allowing  the  stalagmite  to  form. 

Dr.  Falconer  visited  Cefn  Cave  on  August  27th,  1859.  His 
notes  appear  in  the  "  Palajontological  Memoirs  and  Notes,"  edited 
by  Dr.  Murchison,  London,  1868.  Vol.  II.  p.  541-2,  in  which 
he  gives  a  ground  plan  of  the  cave  which  I  have  verified  on 
the  ground.  The  tunnel  on  entering  turns  to  the  left,  almost 
parallel  to  the  face  of  the  cliff,  it  then  tunis  at  right  angles  to  it ; 
to  the  right  is  a  steep  side  branch  running  a  considerable  distance 
upwards,  with  many  sub-branches,  which  probably  almost  reach  the 
surface.  Further  on  the  main  tunnel  divides,  and  afterwards  again 
unites,  a  column  or  island  of  limestone  being  left  in  the  centre,  beyond 
which  the  tunnel  ascends  very  steeply,  and  eventually  reaches  day- 
light on  the  other  side.  Of  this  opening  Dr,  Falconer  says,  "  it 
appears  to  me  to  have  been  the  flue  through  which  most  of  the 
materials  were  injected  and  waslied  into  the  cave.  The  main  tunnels 
have  their  floors  covered  with  very  slippery  yellow  loam.  The  injecta 
have  been  washed  down  chiefly  into  the  left  hand  tunnel,  where  bones 
are  found  on  the  upper  side  of  the  insular  irregidar  cylinder, 
around  which  the  cave  passage  tunis,  and  which  fonns  a  complete 
circular  conmiunication. 

The  following  is  a  list  of  the  species  identified  by  Dr.  Falconer 
amongst  the  fossils  from  Cefii  Cave  : — 

{Elephas  antiquus.  Rhinoceros  hemitiechus. 

Hippotamus  major.  „  tichorhiims. 

Equus,  teeth  and  astragalus.         „  Species  undetermined. 
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1  Strongyloceros  spelseus.  Cerviis  Guettardi. 

( Bos,  molars.  „       eurycenis. 

c  Felis  spekea.  Hyaena  spelsea. 

C  Ursus  speteus.  Canis  lupis. 

No  reference  is  made  to  shells  in  the  note  of  Dr  Falconer, 
published  by  Dr,  Murchison,  but  in  the  "  Geologist "  for  1863,*  it 
states  that  the  bones  examined  by  Dr.  Falconer,  were  in  the  possession 
of  Colonel  Watkin  Wynn,  and  that  Falconer  and  Professor  Ramsay 
together  discovered  fragments  of  cockles  and  other  marine  shells  in 
the  clay,  and  amongst  gravel  and  stones,  with  which  the  cave  is  filled. 

Sir  Andrew  Ramsay  referring  to  this  discovery,  states  the 
Cefh  Caves  "  w^re  below  the  sea  during  part  of  the  glacial  epoch,  for 
the  Boulder  Clay  beds  reach  a  higher  level,  and  with  Dr.  Falconer 
I  found  fragments  of  marine  shells  in  the  cave  overlying  the  detritus 
that  held  the  bones  of  elephants  and  other  mammalia." 

Mr.  Mackintosh,  F.G.S.,t  in  1876,  gave  the  following  sequence  of 
the  deposits  at  Cefn  Cave  : — 

1.  Coarse  sand  charged  with  minute  fragments  of  sea-shells, 
still  found  adhering  to  one  side  of  a  rising  branch  ascended  by  steps. 

2.  Clay  with  angular  and  subangular  fragments  of  limestone, 
likewise  a  few  pebbles  of  Denbighshire  sandstone,  grit,  and  felstone. 
This  deposit  contains  bones  of  a  number  of  the  usual  cave  mammalia, 
is  horizontally  continuous  with  the  Upper  Boulder  Clay  of  the  district. 

3.  Stalagmitic  crust  from  less  than  an  inch  to  2  feet  in  thick- 
ness.   Very  little  is  described  as  left  in  Cefh. 

4.  Loam  with  rounded  and  smoothed  pebbles,  bones,  teeth,  and 
fragments  of  bone  and  wood. 

The  author  agrees  with  Mr.  Trimmer,  that  the  sand  with  shells 
was  introduced  by  the  sea. 

On  the  22nd  of  May  last,  I  made,  in  company  with  Mr.  Bouverie 
Luxmoore,  F.G.S.,  a  careful  examination  of  the  cave,  and  we  found 
portions  of  the  sand-bed  still  adhering  to  the  wall  of  the  cavern  near  the 
upper  steps,  containing  numerous  small  fragments  of  shells,  one  of 
which  is  believed  to  be  referable  to  Tellina  BaltMca,  the  fragments 

♦Geologist.  Vol.  VI,  p.  114.  1863. 
t  Quart.  Jour.  Ocol.  Soa,  Feby  ,  137C,  Vol  XXXII,  p.  91. 
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were  examined  by  Mr.  Clement  Reid,  F.6.S.,  but  no  others  were 
capable  of  detennination. 

To  Dr.  Hicks,  F.R.S.,  is  due  the  great  interest  which  now  attaches 
to  the  caves  of  the  Vale  of  Clwyd.  This  investigator  visited  St. 
Asaph  in  1883,  and  after  visiting  the  well-known  Cefn  and  Plas 
Heaton  Caves,  in  the  carboniferous  limestone  of  the  western  side  of 
the  Valley,  he  "  was  struck  with  the  dissimilarity  in  the  character  of 
much  of  the  materials  which  had  apparently  filled  these  cavenis  before 
they  were  explored,*'  with  that  which  he  was  conversant  in  South 
Wales,  to  the  exploration  of  which  he  had  previously  given  much 
attention.  Mentioning  this  to  Mr.  Luxmoore,  F.G.S.,  of  St.  Asaph, 
and  enquiring  for  caverns  on  the  eastern  side  of  the  Vale  of  Clwj^d, 
he  was  taken  by  the  latter  to  a  cavern  situated  in  a  ravine  at  the 
back  of  Ffynnon  Beuno,  near  the  village  of  Tremeirchion,  four  miles 
to  the  east  of  Cefn.  The  cavern  was  subsequently  explored  by  them. 
The  floor  was  found  to  be  42  feet  above  the  stream,  and  380  feet 
above  the  sea,  the  slope  between  being  covered  with  a  reddish  Boulder 
Clay,  containing  Silurian  pebbles.  The  stream  has  not  yet  cut  down 
to  the  original  floor  of  the  valley,  while  high  up  the  valley,  sand  and 
gravel  is  seen  containing  fragments  of  sea-shells,  on  a  level  slightly 
above  the  highest  cavern.  Similar  gravels  occur  in  the  gorge  east  of 
the  Oratory,  in  the  grounds  of  St.  Beuno's  College,  at  a  height  of  over 
500  feet.  The  Ffynnon  Beuno  cavern,  on  investigation,  was  found  to 
consist  of  a  main  tunnel  with  entrance  to  the  south,  a  small  parallel 
tunnel  to  the  west,  also  facing  south,  and  a  fissure  cavern  to  the  east, 
between  which  and  the  inner  termination  of  the  tunnel  caverns  is  a 
considerable  chamber,  probably  partly  of  a  late  and  artificial  origin, 
and  connected  with  mining  trials  carried  out  through  the  fissure  to 
the  east,  which  has,  or  has  been  expected,  to  bear  lead-ore. 

A  section  of  the  main  tunnel,  about  twenty  feet  from  the  entrance, 
.disclosed  the  following  section  ; — 

1.  Surface  soil  or  loam  about  a  foot  thick,  containing  bones  of 
domestic  fowls  and  sheep. 

2.  Stalagmitic  breccia  with  charcoal,  &c.,  possibly  of  extremely 
modem  origin,  about  six  inches. 

3.  Reddish  undisturbed  cave-earth,  about  2  feet  in  thickness 
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lyinp^  horizontal,  and  but  slightly  inclined,  at  the  base  was  a  more 
coherent  yellowish  bed,  but  not  stalagmitic,  with  flint  implements. 

4.  Gravel  consisting  of  local  materials,  with  angular  blocks  of 
limestone  below. 

The  flint  implement  was  discovered  close  to  a  large  portion  of 
the  jaw  with  teeth  of  a  rhinoceros,  and  close  to  it  large  fragments  of 
limb  bones  of  mammoth.  The  fissure  cavern  communicated  with  an 
opening  to  the  surface,  under  this  large  masses  of  limestone  and 
surCace  soil  were  found,  which  when  removed,  exhibited  undisturbed 
earth,  with  many  bones,  and  a  few  broken  flint  implements.  In  the 
line  of  the  fissure  undisturbed  stalagmite  was  found,  under  which 
was  cave-earth,  mammoth  teeth,  and  a  well-worked  implement. 
The  implements  were  examined  by  Dr.  J.  Evans,  F.R.S.,  who  stated 

W  E 


Fig.  2.    Section  aoroes  Bhaf t,  and  western  entrance  of  Cae  Gwyn  cave. 

Scah,    8  feet  to  1  inch. 

a.    Local  OraveL  b.    Bone  Earth.  c.    Laminated  Clay, 

d.    Banded  Sand.  e.    Sand  and  Gravel.        f .     Soil,  &a 

X     Position  of  Flint  Implements, 


14 


bK  RANGE  :  THE  VALE  OF  CLWYD  CAVES. 


they  resembled  those  found  in  Kent's  Cavern,  he  states  they  have 
every  indication  of  being  used  and  have  now  a  white  porccllauous 
appearance. 

When  I  examined  the  cavern  with  Dr.  Hicks,  the  work  of 
exploration  was  drawing  to  a  conclusion,  I  found  the  fissure  to  have 
been  extensively  mined  at  some  period,  and  with  a  rope  followed  it 
down  some  40  feet  below  the  level  of  the  floor  of  the  cavern. 

The  western  small  undisturbed  tunnel  was  discovered  by  Dr. 
Hicks,  and  searching  for  still  another  entrance,  he  found  the  entrance 
into  the  cavern  now  called  Cae  Gwyn,  this  he  discovered  in  1884,  he 
considered  a  portion  of  the  entrance  had  been  originally  quarried 
away,  and  filled  up  with  debris,  on  this  being  removed,  a  cavern  was 
seen  filled  up  with  loam,  to  within  2  J  to  4  feet  of  the  roof,  a  small 
chamber,  with  a  turn  to  the  right  hand  was  reached,  and  a  trial  made 
at  45  feet  from  the  actual  entrance,  here  under  the  loam,  and  under- 
lying laminated  clay,  occurred  bones  belonging  to  Rhinoceros,  Horse, 
Reindeer,  and  Red  Deer,  and  a  well-worked  Flint-scraper,  resembling 
those  of  the  French  Caves  of  the  Reindeer  period,  according  to  Dr. 
Evans.  The  work  in  this  cave  was  resumed  in  1885,  much  debris 
had  to  be  removed,  and  large  masses  of  limestone  had  to  be  blasted 
that  were  found  resting  upon  the  gravel  beneath. 
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Fig.  8.    Section  in  cavern  near  new  entrance.    Scale.  G  feet  to  I  inch. 

a.  Local  Grave]. 

b.  Bone  Earth. 

c.  Laminated  Clay. 

d.  Banded  Earth. 

At  the  time  of  my  visit  in  the  autumn  of  1885,  the  Cae  Gwyn 
Cavern  had  been  worked  back  as  far  as  the  supposed  chamber  marked 
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"  B  "  in  the  plan  of  the  cave  published  in  the  Quart.  Jour.  Geol.  Soc., 
Feb.,  1886,  which  plan  I  assisted  Dr.  Hicks  in  constructing,  unfor- 
tunately, we  did  not  connect  it  with  the  surface,  and  we  were  totally 
unaware  that  the  cavern,  by  trending  westwards,  was  upon  the  point 
re-emerging  into  daylight,  not  the  slightest  traces  of  subsidence  was 
visible  either  in  the  roof  of  the  cavern  or  on  the  surface  of  the  field  above. 
The  various  deposits  at  the  working  face  of  the  cavern  filled  it 
up  to  within  5  or  6  inches  of  the  crown  of  the  roof,  consisting  of : — 

Ft.  In. 

1.  Fine  washed  yellow  sand 

2.  Laminated  clay,  &c. 

3.  Red  Bone-earth  (fragments  of  stalagmites) 

4.  Local  gravel 
The  Sand  resembled  that  seen  in  the  Drift  Sand  Pit,  400  yards 

distant  up  the  valley.  On  my  next  visit,  5th  June,  1886,  and  on  subse- 
quent days,  I  found  that  the  removal  of  material  from  below  had 
caused  a  subsidence  to  take  place,  beyond  what  turned  out  to  be  a 
wall  of  limestone,  in  which  the  cavern  terminated,  and  against  which 
a  mass  of  glacial  drift  formed  a  slope  masking  the  limestone  behind 
it.  The  subsidence  was  accelerated  by  the  heavy  snowstorm  of  the 
previous  winter,  the  melting  snow  percolating  into  the  sands,  and 
along  the  plane  between  the  rock  and  the  drift. 

A  vertical  shaffc  had  been  dug  20  feet  in  depth  on  the  east, 
or  cavern  side,  and  19  feet  on  the  western  side,  9  feet  across  at  the 
top,  and  about  5  feet  6  inches  at  the  bottom.  I  measured  with  Dr. 
Hicks  the  beds  exposed  in  the  shaft  on  all  sides  by  means  of  a  ladder, 
I  ])laced  the  point  of  a  knife  at  the  intersection  of  each  bed,  and  the 
measurements  wei^e  written  down,  and  checked  by  him.  The  section 
published  in  the  British  Association  Report  1886,  is  the  result  of  these 
observations.  The  dip  was  westwards  from  the  rock,  both  above  the 
cavern  mouth  and  below  it,  as  shown  in  the  section.  The  whole  of 
the  material  in  the  cavern  was  not  then  removed,  and  the  fine 
grained  yellow  sand,  resting  on  laminated  loam  overlying  bone-earth, 
was  then  seen  extending  into  the  cavern  to  a  distance  of  fourteen 
feet.  Water  was  still  coming  in  freely  at  the  extreme  north-east 
comer  of  the  shaft,  along  a  line  of  joint  ranging  north,  to  an  unknown 
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distance  iuto  the  hill.  But  the  yellow  sand  with  oblique  lamination, 
came  right  up  to  the  rocky  ridge  overhanging  the  north  of  the 
cavern,  and  extending  northwards  beyond  it,  the  sand-bed  not  only 
abutting  against  the  rocky  ledge  but  filling  up  hollows  and  inequalities 
in  its  surface ;  the  overl3dng  beds  of  boulder  clay,  associated  with 
seams  of  sands,  also  abutted  against  the  rounded  mass  of  overhanging 
rock,  as  did  the  succeeding  bed  of  fine  sand  a  few  inches  in  thick- 
ness, that  could  then  be  followed  round  the  four  sides  of  the  pit,  an 
could  the  boulder  clay  resting  on  it. 

On  my  next  visit  June  17th,  1887,  my  colleagues,  Messrs. 
Tiddeman  qiid  Reid,  were  present,  the  northern  face  of  the  shaft  was 
boarded  up ;  the  shaft  was  carried  westward  to  11  feet  from  the 
inner  wall  of  the  cavern  ;  no  new  phenomena  were  observable ;  the 
materials  of  the  cave  were  almost  entirely  excavated  out,  and  the 
north  joint  had  become  dry.  I  again  visited  the  cavern  on  October 
the  3rd  and  on  the  8th,  in  company  with  Mr.  Shone,  F.G.S.  The 
timbering  had  been  removed,  and  the  north  side  of  the  shaft  re- 
exposed.  Professor  Hughes  was  present,  and  had  a  small  east  and 
west  cut  made  into  the  west  bank  of  the  shaft,  which  showed  a  slight 
trace  of  oblique  lamination  to  the  S.S.E.,  the  direction  so  often  met 
with  in  the  Middle  Drift  Gravels  of  Lancashire  and  Cheshire.  The 
joint  was  slightly  yielding  water ;  no  new  phenomena  were  observable. 

On  October  10th  I  again  visited  the  cave,  accompanying  the 
Director-General  of  the  Geological  Survey,  and  Professor  Hughes. 
Messrs.  Hilton  Price,F.G.S.,  Luxmoore,F.G.S.,and  E.  Morgan  were  also 
present.  Very  heavy  rains  had  fallen,  and  the  pit  was  unfortunately 
in  a  soft  and  somewhat  obscure  condition.  A  large  block  of  lime- 
stone was  pointed  out  to  Dr.  Geikie,  and  he  was  correctly  informed 
that  others  occurred  at  the  mouth  of  the  cavern,  but  he  was  not  told 
that  similar  blocks  occurred  throughout  the  whole  tunneh  A  vertical 
band  of  sand  or  sand  pipe  was  shown  to  him  on  the  west  face  of  the 
"  tumbler''  block  before  referred  to. 

The  visit  led  to  the  following  letter  being  addressed  to  Dr.  Hlck^ 
by  Mr.  Archibald  Geikie,  L.L.D.,  F.R.S.,  Director  General  of  the 
Geological  Survey  of  the  United  Kingdom,  which  is  of  considerable 
interest : — 
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"  The  question  on  which  my  opinion  was  asked  with  reference  to 
this  cave,  was,  I  understand,  the  following : — Whether  the  glacial 
beds  lie  undisturbed  upon  the  bone-earth  at  the  end  of  the  cave,  or 
whether  their  present  position  is  due  to  the  fall  of  the  roof  or  wall 
of  the  cave,  and  their  consequent  descent  upon  the  cavern  floor. 

Accordingly  I  visited  the  cave  on  the  10th  inst,  and  examined 
the  section  laid  open  in  the  pit  that  was  dug  in  the  glacial  deposits. 
The  conclusions  I  formed  may  be  summarized. 

1.  The  bone-earth  projects  beyond  the  present  limits  of  the 
cave,  but  it  probably  never  did  so  originally,  hence  I  have  no  doubt 
that  the  roof  or  wall  of  the  cavern  lias  given  way.  The  large  masses 
of  limestone  lying  at  the  bottom  of  the  pit  no  doubt  represents  a 
portion  of  the  fallen  material. 

2.  These  fallen  blocks  lie  on  the  bone-earth.  The  material 
resting  upon  them  has,  of  course,  been  removed  in  the  excavation 
of  the  pit,  but  I  observed  that  the  block  nearest  the  northern  wall  of 
the  pit  passed  under  the  base  of  the  undisturbed  glacial  beds. 

3.  Against  the  lower  part  of  the  face  of  limestone  on  the 
northern  side  of  the  pit  there  is  undoubted  evidence  of  slipping, 
the  lower  layers  of  pebbly  sand  and  clay  being  vertically  against  the 
end  of  rock.  This  disturbance  however  I  could  trace  only  a  few 
inches  outwards  from  the  rock  boundary.  It  does  not  affect  the 
main  mass  of  glacial  deposits,  and  is  referable  I  think  to  solution  of 
the  limestone  along  its  outer  surface.  The  various  layers  of  gravel, 
sands  and  clays  were  traced  by  me  continuously  across  the  pit,  I 
could  see  no  evidence  that  they  harl  ever  subsided  into  a  cavity, 
caused  by  the  fall  of  the  limestone  into  the  cavern. 

4.  From  the  data  presented  by  the  pit  section,  I  would  infer 
that  the  fall  of  the  roof  or  wall  of  the  cave  took  place  before  the 
deposition  of  the  glacial  deposits,  and  that  during  a  period  of  subsi- 
dence, these  marine  strata  were  subsequently  laid  down  against  the 
limestone  bank,  so  as  to  conceal  this  entrance  to  the  cavern. 

16th  October,  1887.  (Signed)      Arch.  Geikds. 

Mr.  Morgan,  the  lord  of  the  Manor,  having  kindly  promised  to 

delay  the  process  of  filling  up  the  pit  until  I  had  attended  to  make 

a  last  examination  and  sketches  for  Dr.  Hicks,  I  again  visited  the 
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eave  on  the  11th  of  October.  Three  sketches  were  tlien  taken,  show- 
ing successive  stages  of  removal  of  the  blocks.  The  north  joint  in 
the  limestone  is  seen  in  Fig.  4,  on  the  west  side  of  it  are  masses  of 


Figr,  *. 

0.  Lineatone  wall,  joint  face. 

b.  Overhaoging  solid  limeatuue. 

D.  Loom  mnaeee  In  Drill, 

d.  Large  block. 

0.  Pipe  of  Band,  agaiiiBt  block  d. 

t.  Bone  eartb. 

h.    Qravel];  Bouldel  Ola]-. 

i.  Bonlder  Olay. 
fallen  limestone,  now  separated  from  it  by  a  vertical  pile  of  dark 
chocolate-coloured  clay,  with  pale  green  fragments,  about  4  inches  in 
width.  Examining  the  blocks  more  clo»cly  witlk  Robert  Williams,  who 
was  foreman  of  the  workmen  through  the  whole  of  the  investigation,  we 
very  cautiously  removed  several,  and  found  them  to  be  imbedded  in 
the  ordinary  brick  red  clay,  with  occasional  erratics  ;  further  removal 
of  the  large  blocks  disclosed  a  band  of  washed  yellow  sand,  which 
could  bo  traced  round  from  the  north  joint  westwanls,  over  the  large 
"  tumbler"  before  referred  to,  and  over  the  vertical  sand  pit  alsu 


\)E  KAXCK  :    TlIK  VALK  OK  CLWYD  CAVES.  I'J 

alluded  to,  cutting  off  its  upward  or  vertical  prolongation.  The  sand 
band  now  described  is  about  5  inches  in  thickness,  and  ranges  horizon- 
tally when  in  contact  with  the  north  joint,  but  dips  westwards  along 
the  northern  face  of  the  pit  up  to  the  next  bank,  where  in  common 
with  the  other  beds  at  the  lower  part  of  the  section,  it  dips  south- 
wards. Between  this  sand  bed  and  the  '*  tumbler"  is  a  bed  of  red 
clay  6  inches  thick.  So  far  as  I  could  ascertain  this  clay  passes  down 
behind  the  "  tumbler,"  but  we  considered  it  dangerous  to  remove  it 
and  ascertain,  as  the  whole  bank  might  have  been  brought  down  on 
our  heads. 

The  red  clay  up  to  a  certain  height  contained  bone  fragments, 
and  the  teeth  of  a  hyaena  from  the  north,  or  clay  joint  up  to  and  over 
the  "tumbler"  fragments  of  stalagmite  were  numerous,  but  I  saw  none 
above  2  inches  in  length,  I  observed  no  fragments  of  stalagmite  or 
bones  in  the  red  clay  above  the  laminated  sand-bed.  The  sand  pipe 
adjacent  to  the  "  tumbler  "  appears  to  owe  its  origin  to  percolation 
of  water  in  the  5-inch  sand-bed,  which  has  carried  the  sand,  filling 
up  the  fissure  between  the  side  of  the  block  and  the  adjacent  red 
clays,  these  latter  are  obviously  the  flow  which  arrests  and  throws 
out  the  spring  at  the  north,  or  "clay  joint,"  which  has  been 
similarly  filled  by  the  passage  of  water  carrying  Boulder  Clay  from 
above.  The  "saturation  plane"  in  the  rock  beneath,  I  found  by  obser- 
vations in  the  Fynnon  Beuno  Cave  in  1885,  to  be  but  slightly  above 
the  stream  level,  the  dryness  of  the  tunnel-cave  is  due  to  the  cap  of 
Boulder  Clay  which  overlies  the  hill,  but  the  clay  is  not  wholly 
impermeable,  water  traversing  joints  in  it,  to  which  process  is  probably 
due  the  infilling  of  the  north  joint  with  clay,  as  described. 

I  undermined  the  western  bank  of  the  Cae  Gwyn  pit  for  about 
2  feet,  the  red  bone-earth  continued  as  far  as  we  went,  containing 
fragments  of  stalagmite  and  bone,  there  is  no  evidence  to  show  how  far 
westwards  this  deposit  extends,  traces  of  bone  occurred  at  a  point 
5  feet  from  the  overhanging  ridge  of  the  cave,  and  I  think  it  a  matter 
of  great  regret  if  the  extent  of  its  western  prolongation  be  not  settled. 

From  the  facts  observed  during  the  past  half  century,  it  would 
appear  that  the  following  conclusions  may  be  considered  definitely 
settled. 
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That  the  caves  of  the  Vale  of  Clwyd  were  inhabited  by  hyaenas 
and  other  animals  at  a  period,  when  man  existed  in  the  Vale  of 
Clwyd,  before  the  deposition  of  the  middle  and  upper  glacial  deposits, 
but  whether  before  the  oldest  glacial  deposits,  there  is  no  evidence  to 
show. 

That  the  Vale  of  Clwyd  like  the  valleys  of  the  Ribble  and  the 
Mersey  was  deeper  before  the  deposition  of  the  glacial  deposits  than 
at  the  present  time.  That  the  valleys  and  plains  of  Lancashire, 
Cheshire,  and  the  coast  of  North  Wales  were  filled  up  with  various 
Drift  deposits. 

That  the  existing  valleys  of  Lancashire,  Cheshire,  and  the  coast 
of  North  Wales,  have  been  excavated  by  the  action  of  running  water 
since  the  deposition  of  the  Upper  Boulder  Clay. 

That  the  great  peat  beds  fringing  the  coasts  of  these  districts 
are  later  than  the  period  of  denudation  of  those  valleys  in  the  Glacial 
Drifts. 

That  the  period  of  the  Roman  occupation  of  Britain  was  later 
than  the  growth  of  the  peat. 


NOTES  ON   THE  CLASSIFICATION   OF  THE  PALAEOZOIC  POLYZOA. 

BY  GEORGE  ROBERT  VINE. 

The  classification  of  Paleozoic  Polyzoa,  whether  as  Cyclostomata, 

Busk,Cryptostomata,  Vine,  or  Trepostomata,  Ulrich,  is  still  incomplete. 

This  arises  from  two  causes,  it  may  be  from  more  causes  still,  but  I 

wish  to  confine  my  remarks  specially  to  two  points  only  : — 

L     The  want  of  a  suitably  definite  nomenclature,  descriptive  of  the 

structural  elements  of  the  Zoarium,  Recent  and  Fossil ;  and 

IL    The  want  of  ready  agreement  on  the  part  of  Palaeontologists, 

as  to  what  should,  and  what  should  not  be  admitted  as 

Polyzoa,  or  Bryozoa. 

Within  the  last  few  years  the  Palaeozoic  Bryozoa  have  been 

critically  studied,  both  by  means  of  the  mass,  and  by  sections  of  the 

species  described,  and  at  the  present  time  we  are  in  a  better  position 

to  judge  of  the  possibilities  of  future  research,  than  we  were  at  the 

beginning  of  the  decade  that  is  now  drawing  to  a  close.    Since  the 
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commencement  of  my  British  Association  Reports  on  Fossil  Poljrzoa 
in  1880,  new  investigators  have  entered  the  field,  and  if  the  good 
old  proverb  is  true,  '  many  minds,  many  modes,'  the  results  will  be 
that  the  varied  methods  now  adopted  by  Falseontologists,  will  ulti- 
mately enable  us  to  look  at  the  Falseozoic  Folyzoa  from  different 
standpoints,  so  as  to  have  an  allroimd  view  of  the  same,  rather  than 
from  one  standpoint  only.  In  my  recently  published  paper,  "  Notes 
on  Classifications  of  Cyclostomatous  Folyzoa,  old  and  new,"'*'  I  have 
done  my  best  to  gather  together  into  one  focus,  much,  if  not  all  that 
has  been  suggested  respecting  the  classification  of  the  Mesozoic 
Folyzoa,  and  in  the  present  paper  I  wish  to  do  the  same  for  the 
Folyzoa  of  the  Falaeozoic  horizons.  In  the  present  case  it  will  be 
wiser  to  deal  with  the  suggested  subdivisions  separately,  and  in  order 
of  time. 

In  his  valuable  introduction  to  "American  Falaeozoic  Bryozoa,"t 
Mr.  E.  0.  Ulrich  has  given  very  elaborate  details  respecting  the 
general  structure  of  the  Monticuliporidw,  and  of  **a  great  number 
of  undoubted  Bryozoa  belonging  to  the  sub-order  Cyclostomata," 
which  should  be  studied  carefully  by  future  investigators.  Mr.  Ulrich 
includes  in  his  Bryozoa  group,  as  do  American  authors  generally, 
the  whole  of  the  Mouticuliporidso.  These,  however,  are  placed 
amongst  the  corals  by  English  authors,  such  as  Duncan  and 
Nicholson.  In  the  not-far-off  future  some  species  at  least  of  the 
Monticuliporidae  will  have  to  be  retained  as  Bryozoa,  in  spite  of  the 
now  general  disposition  to  place  them  elsewhere,  or  we  shall  have  to 
modify,  considerably,  our  ideas  respecting  many  of  the  Folyzoa  of 
Mesozoic  and  Tertiary  horizons.  In  the  present  paper  I  have  excepted 
the  Monticulipora  until  our  British  Silurian  examples  have  been  more 
carefully  studied. 

I. — Ctclostomata  Busk.     1857,  Fublished  in  1859. 

"  Cell  tubular :  orifice  terminal,  of  same  diameter  as  the  cell, 
without  any  moveable  apparatus  for  its  closure,  consistence  calcare- 
ous."    Monograph  of  the  Crag  Folyzoa. 

There  is  not,  so  far  as  I  am  aware,  any  insuperable  difficulty  of 

•  Proa  Yorka.  GeoL  k  Polyt  Society.  Part  III.  Vol.  IX,  1888. 
t  Jour.  Cina  Soa  Nat.  Hiflt,  VoL  Y.,  pp.  121-149. 
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including  the  whole  of  the  recent,  serai-recent,  and  Mesozoic  Polyzoa, 
under  a  description  so  well  worded  as  the  above.  Most  of  the 
species  that  have  come  under  my  own  observation  may  be  definitely 
described  as  Cyclostomatous.  The  cells  are  tubular,  the  orifices  in 
most  cases  are  terminal,  and  though  not  all  of  the  same  diameter  as 
the  cell,  the  orifices  are  certainly  without  any  "  moveable  "  apparatus, 
still  there  were  cell  "closures"  in  Cyclostomatous,  as  well  as  in 
Cheilostomatous  Polyzoa.  It  is  not  altogether  then  the  preciseness 
in  the  above  definition  that  causes  any  difliculty  to  the  Palaeon- 
tologist, whenever  his  investigations  carry  him  beyond  the  Mesozoic 
horizons.  For  accurate  descriptions  of  species  here,  however,  the 
diagnosis  is  either  too  incomplete  or  too  obscure,  and  this  is  felt  to 
be  the  case  by  every  naturalist  who  has  taken  the  Palseozoic  Polyzoa 
in  hand. 

I  have  already  referred  to  the  labours  of  Mr.  Waters  on  the 
semi-fossil,  and  fossil  Cyclostomata,"^'  but  it  will  be  necessary  to  refer 
to  them  again  for  the  purpose  of  formulating  a  satisfactory  nomen- 
clature for  speculative  as  well  as  for  working  students. 

The  Cyclostomatous  '' Ceir  (Busk)  '' Zowcium''  (Hincks)"is 
the  chamber  in  which  the  polypide  is,"  or  was  lodged.  It  is  wholly 
calcareous,  and  its  structural  elements  are  few  and  characteristic.  If 
we  take  the  "  cells  "  of  two  species,  Crma  and  Hornera,  and  analyse 
them,  we  shall  find  material  for  formulating  a  definite  working 
nomenclature,  suitable  for  Paleeontological  investigations  ;  then,  if 
some  few  of  the  Palaeozoic  species  are  submitted  to  the  test,  it  will 
soon  be  found  whether  the  ancient  cell  corresponds  with  the 
characteristic  recent  cell  in  all,  or  in  any,  of  its  elements.  If  not, 
then  the  question  naturally  arises  as  to  whether  it  is  wise  to  confine 
ourselves  to  one  division  for  the  Polyzoal  group  of  organisms,  or 
whether  it  will  be  necessary  to  establish  other  divisions  in  which 
many  of  the  Palaeozoic  species  can  be  satisfactorily  placed. 

In  the  cell  of  Crisia,  {comuta,  eburneay  or  denticulata)  there  are 
certain  "  punctures "  evenly  or  sparsely  distributed,  which  do  not 
appear  to  have  been  separately  studied  either  by  Mr.  Busk,  or  Mr. 
Hincks,  but  the  punctures  are  partly  referred  to  as  characteristic  of 

*  Pioo.  TorkB.  Geol.  and  Poljt.  Soo,,  pt  iii,  Yol.  9,  ISSS. 
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species  both  by  Busk,  and  Hincks.  In  Crisia  eburnea  these 
"  punctures  "  are  thinly  distributed,  having  a  circular  mouth,  and 
on  the  sides  of  the  cell  we  get  a  longitudinal  aspect  of  the  same,  seen, 
however,  to  much  better  advantage  whenever  the  walls  of  the  cell  are 
broken.  The  "  punctures  "  penetrate  the  substance  of  the  cell  wall 
from  the  surface,  opening,  apparently  on  the  inner  side  of  the  tube. 
In  the  more  highly  calcareous  cells  of  Hornera  foliacea  similar 
punctures  to  those  of  Crisia  may  be  observed,  only  they  are  larger, 
and  even  under  a  lower  objective  the  punctured  tubes  show  a  longer 
section  on  account  of  the  thickness  of  the  cell-wall.  In  the  dissepi- 
ments which  connect  the  branches  of  the  2harium  the  openings  of 
punctures  are  larger,  but  many  of  these  appear  to  be  of  a  different 
character  to  those  of  the  smaller  openings  in  the  cell  walls. 

Mr.  A.  W.  Waters*  in  his  admirable  paper  on  "  Fossil  Cyclosto- 
matous  Bryozoa  form  Australia/'*  refers  to  the  punctured  surfaces  of 
the  Cyclostomata,  and  he  suggests  a  possible  homology  between  some 
of  the  lateral  interzooecial  tubes  and  the  rosette  plates  of  the  Chilos- 
tomata.  Mr.  Waters  refers  also  to  the  almost  general  constancy  of 
the  size  of  these  punctures  in  preparations  he  had  made  of  Tertiary 
Cretaceous,  and  even  Palaeozoic  species,  "  The  structure  is  well 
shown,  he  says,  in  sections,  figured  by  J.  Beissel,  especially 
in  pi.  X.,  fig.  127  in  his  paper,  Ueber  die  Bry.  der  Aachener  Kreide.f 
•  •  •  These,  I  take  it  (the  surface  punctures)  are  the  homo- 
logues  of  the  much  larger  pores  in  the  front  of  nearly  all  Chilosto- 
mata,  which  there  also  cause  the  Zooecial  ornamentation,"  p.  677, 
op.  cit.  I  have  already  referred  to  the  interzooecial  pores  in  the  walls 
of  the  cell  when  sectioned,  but  Mr.  Waters  affords  an  illustrated 
instance,  (pi.  xxxi.,  fig.  24,  op.  cit.)  in  Ileterojyora  pelUculatay  Waters, 
in  which  a  diphragm,  or  plate,  seemingly  perforated  in  the  centre, 
occurs  in  the  middle  of  the  pore-tube,  and  thus  it  seems  entirely  to 
correspond  to  the  simplest  of  the  rosette  plates  among  the  Chilosto- 
mata,"  p.  677,  op.  cit.  Mr.  Waters  also  refers  to  the  "  surface 
pores "  in  other  genera,  such  as  Entalapkora,  &c.  *  '  "  but  in 
some  genera,  such  as  Ilornefa,  some  Idmonew    .     .     both  living  and 

♦  Qanrt.  Jour.  Geo.  Soc.,  Vol.  40  (1884),  pp.  674-697. 
t  Nat  Verh.  Holl.  Maat  Weten.  Haarlem,  xxii.,  (e)  Deel. 
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fossil  there  are,  over  part  of  the  surface  at  any  rate,  and  sometimes 
over  aU,  larger  openings  giving  a  peculiar  ornamentation  to  the 
surface  ;  these  larger  surface  openings  do  not,  however,  enter  directly 
as  such  into  the  Skxecial  tube,  but  at  the  base  there  are  one  or  more 
minute  openings  leading  to  the  Zooecial  cavity,"  p.  678,  pi.  xxx.,  fig. 
8.,  op.  cit.  In  Idmonea  radians,  Mr.  Waters  says,  "these  large 
exterior  openings  occur  at  the  junction  of  the  Zocecia,"  and  Mr.  S.  0. 
Ridley  in  his  paper  on  the  Zoological  collections  made  during  the 
survey  of  H.M.  Ship  Alert,*  refers  to  Idmonea  milneana  D.,  Orb.,  in 
which  the  "dots"  (Busk,  Cyclostomata,  1875,  p.  12)  of  Busk*s 
description  are  certainly  raised**  It  is  not  improbable,  then,  that 
these  "  dots  "  or  "  punctures  "  may  have  a  morphological  meaning, 
not  as  yet  thoroughly  understood,  but  their  study  has  yielded,  to 
me  at  least,  results  that  will  be  utilised  further  on,  and  we  shall 
meet  with  another  character  in  species  of  the  Ileteropora,  that  was 
partially  referred  to  by  Busk  in  the  Crag  Polyzoa. 

In  his  paper  on  "  The  Closure  of  the  Cyclostomatous  Bryozoa,"t 
Mr.  Waters  has  furnished  us  with  details  of  another  structure,  also 
available  to  the  Palaeontologist,  especially  so  when  dealing  with 
Palseozoic  species,  and  allied  to,  and  possibly  correlative  with  this 
structure  are  the  so-called  "  teeth  "  in  carboniferous  Feuestella,  J  but 
perhaps  not  analogous  *with  the  "  hair-like  teeth  which  occur  in 
several  species  of  Lichenopora,  which  have  globular  terminations." 
(Bry.  Bay  of  Naples,  p.  276). 

We  are  indebted  to  Mr.  E.  0.  Ulrich  for  many  hints  while 
comparing  the  various  species  subjected  to  his  scrutiny,  that  will 
be  valuable  to  the  student ;  but  it  seems  remarkable  that  some  of 
these,  drawn  from  the  previous  researches  of  D'Orbigny  have  been  so 
frequently  overlooked,  or  perhaps  misinterpreted.  The  study  of 
minute  structures  however  in  other  groups  are  yielding  ample  results 
to  the  investigator,  and  I  see  no  reason  why  the  same  comparative 

*  Proo.  Zool.  Soa,  London,  Jan.  4, 1S81,  pp.  44-61.    See  also  Tet.  Ojoloa , 
New  Zealand  Qoart.  Jonr.  Qeol.  Soc.,  Aug.,  1887. 
t  Linn,  Soc.  Joor.  Zoologj,  Vol.  XYII,  p.  884.  pp.  4G0-404,  Pi.  XVI. 
X  RemarkB  on  some  Fenestellidaa,  A.  W.  Waters,  Transaa  Qeol.  Soa, 

Manchester.  1878. 
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study  of  the  minute  parts  of  the  cell  should  not  yield  similar  advan< 
tages  to  the  student  of  ancient  organic  forms. 

It  is  very  certain  then  that  some  of  the  FalsBozoic  Polyzoa  at 
least  may  be  safely  placed,  according  to  the  structural  elements  under 
the  division  Cyclostomata,  but  there  are  others  which  could  not 
with  any  degree  of  satisfaction  to  the  Systematist  be  so  placed,  and 
for  the  inclusion  of  these,  two  independent  divisions  have  been 
established  by  myself  and  Mr.  E.  0.  Ulrich,  of  America,  which  will 
now  be  separately  considered. 

Sub-Order.    Cryptostomata  Vine.     1880-1. 

Zooecia  sub-tubular,  in  section  slightly  angular.  Orifice  sur- 
rounded by  a  vestibule,  or  otherwise  concealed. 

As  there  has  been  a  little  misunderstanding  about  my  labours 
when  trying  to  classify  Palaeozoic  Polyzoa,  it  may  be  as  well  to  give 
a  personal  explanation  of  my  own  special  work,  or  so  much  of  it  as  will 
include  the  above  sub-division.  In  my  second  report  on  Fossil 
Polyzoa,  "  British  Association  1881,"  I  reviewed  all  that  was  known 
in  Great  Britain  about  Palaeozoic  Polyzoa,  and  in  that  report  special 
details  will  be  found  showing  the  position  I  occupied  with  respect  to 
the  then  known  British  species.  A  few  years  previous  to  this  Prof. 
H.  A.  Nicholson  wrote  several  articles  on  American  Devonian,  and 
Silurian  species,*  and  about  the  same  time  Mr.  Robert  Etheredge, 
jun.,t  and  the  Messrs.  Young,  of  Glasgow  University,t  pub- 
lished papers  on  carboniferous  species.  My  knowledge  of  these 
Palaeozoic  forms  was  drawn  from  Murchison's  Siluria  (Lonsdale) 
Phillips'  Geology  of  Yorkshire,  and  McCoy's  publications,  together 
with  the  new  work  of  these  later  writers.  In  compiling  my  British 
Association  Report,  1  went  over  all  the  t3rpe  specimens  of  the 
Palaeozoic  species  in  the  School  of  Mines.  At  that  time  no  one  in 
England  had  wholly  committed  themselves  to  a  new  classification. 
Many  authors  followed  either  Morris's  arrangement  in  his  catalogue 
of  British  Fossils,  or  formulised  suggestive  divisions  en  passant.  My 
earliest  labours,  for  which  Dr.  Duncan  and  others  blamed  me,  were 
directed  towards  modernising  the  classification  so  as  to  be  more  in 

*  Geological  Magazine,  1S74.        f  Explanation  of  Sheet  23,  Sootoh  Oeol.  Snrvey. 
t  Qaart  Joor.'Geol.  Soc.,  1S74,  and  Ann.  Mag.  Nat  Hist.,  1S74. 


26  VINB  :  CLASSIFICATION  OF  THE  PAL-fiOZOIC  POLYZOA. 

accordance  with  Hincks  and  Smitt.  These  authors  suggested  that 
all  future  grouping  of  the  Polyzoa  should  be  based  on  the  character 
of  the  "  cell,"  or  Zowcium,  rather  than  upon  the  mode  of  growth  of 
the  "  colony  "  or  Zoarium.  In  his  work  on  British  Marine  Polyzoa 
Mr.  Hincks  says,  "  there  is  evidence  ('  I  quote  my  own  words  from 
Brit.  Assoc.  Report,  p.  2  of  Report),  however,  (as  I  learn  on  the 
excellent  authority  of  Mr.  R.  Etheredge,  jun.),  of  the  existence  of  a 
few  Chilostomatous  genera  at  least,  within  this  epoch  (Palaeozoic),  and 
probably  the  group  is  represented  in  the  Silurian  division  of  it,*  a 
conclusion,  which  after  the  most  careful  research,  I  am  unable  to 
agree  with."*  In  dealing  with  the  Palaeozoic  genera,  however,  I  was 
obliged  to  accept  the  dictum  of  other  authors,  hence  I  took  Lonsdale's, 
Nicholson's  and  Messrs.  Young's  estimate  as  to  what  external 
characters  were  found  in  Fe»estella,  Ptilodictya  and  Glauconofnet 
and  worked  accordingly,  but  none  of  the  remarks  which  I  oifered  in 
the  reports  were  wholly  founded  upon  the  labours  of  others.  lVi>es 
of  the  various  genera  were  sectioned,  but  not,  perhaps,  fully  under- 
stood in  all  their  details  of  structure.  I  was  not  at  tliat  time,  1879 
and  1880,  aware  of  the  rich  haiTest  of  Palaeozoic  forms  which  was 
then  being  catalogued,  and  which  have  since  been  described  by  Mr. 
E.  0.  Ulrich,  of  Cincinnati.  Had  I  been  aware  of  these  I  should  liave 
been  more  careful  before  committing  myself  to  a  peculiarly  British, 
rather  than  a  general  classification.  I  hope,  therefore,  future 
students  of  Palaeozoic  Polyzoa  will  bear  these  remarks  in  mind  while 
reading  over  the  observations  I  offer  on  my  own  and  Mr.  Ulrich's 
labours. 

In  the  year  1881  Mr.  G.  W.  Shnibsole,  of  Chester,  began  the 
compilation  of  his  paper  on  Glauconome,  and  as  he  had  had  some 
communications  with  Mr.  R.  Etheredge,  jun.,  besides  myself,  respect- 
ing Palaeozoic  forms,  Carboniferous  and  Silurian,  I  suggested  to  him 
the  necessity  of  a  new  arrangement  of  the  so-called  Cyclostomatous 
forms.     Mr.  Shnibsole's  idea  was  to  suppress  the  upper  Silurian  name 

*  In  the  report,  detAils  will  be  found  of  all  the  Bupposcd  epeciea  whose 
affinities  were  somewhat  doubtful.  Sinoe  this  was  written  I  have  been  compelled 
to  modify  this  opinion,  and  in  all  probability  examples  both  of  ChieloetomatoiiB 
and  Gtenostomatons  Polycoa  existed  in  Palseozoic  strata. 
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Glaucanome  Goldfuss,  and  retain  the  term  for  Carboniferous,  as  well 
as  Cambrian,  or  Bala  species.  He  adopted  this,  and  I  also  favoured 
the  suggestion,  hence  the  paper  presently  to  be  referred  to,  came  to 
grief  before  it  was  printed  in  the  Journal  of  the  Geological  Society. 
For  years  Mr.  Shrubsole  and  myself  had  been  working  amicably 
together,  and  I  suggested  that  if  he  made  the  paper  a  joint  one  I 
would  allow  him  to  do  the  descriptive  part,  and  I  would  furnish  him 
with  details  of  a  new  sub-order  for  publication.  Accordingly,  on 
June  21,  1882,  a  paper  entitled  "The  Silurian  Species  of  Gkiu- 
conome,  and  a  suggested  classification  of  the  Palaeozoic  Polyzoa,"  was 
read.  The  paper,  as  written,  was  never  published,  and  an  abridged 
report  only  was  inserted,  two  years  after,  in  the  Journal  of  the  Geo- 
logical Society,  1884.  There  was,  however,  an  abstract  publication 
of  the  original  paper  inserted  in  the  **  Abstracts  of  the  Proceedings 
of  the  Geological  Society  of  London,"  No.  424,  sessions  1881-82, 
p.  109  (June),*  From  the  pages  of  the  above  work  I  now  quote.  "The 
authors  discussed  the  history  of  our  knowledge  of  the  genus  Glaic- 
cotiomey  and  especially  of  the  Silurian  species.  They  then  charac- 
teriseii  the  genus,  to  which  they  refer  only  the  Bala  species,  formerly 
reganied  as  identical  with  G.  disticha,  Goldf.,  but  which  they  describe 
as  G.  Sedgwickil  Shrubs.  Glaucanome  disticha,  Goldf.,  from  the 
Wenlock  of  Dudley,  is  t^ken  as  the  type  of  a  new  genus  Arcanapora. 
The  authors  then  remarked  upon  the  characters  on  which  the 
classification  of  the  Polyzoa  is  founded,  drawn  from  the  study  of 
recent  forms,  and  stated  that  throughout  the  Cainozoic  and  Mesozoic 
series  no  Polyzoa  are  known  which  cannot  be  referred  to  these  recog- 
nised groups.  Many  PaUeozoic  forms  are  in  a  different  case.  The 
orifices  seen  on  the  surface  are  not,  in  many  instances,  the  mouths 
of  the  cells,  but  those  of  what  the  authors  call  vestibules  beneath 
which  the  true  cell  mouth  is  concealed.  For  these  types  they  propose 
to  found  a  new  sub-order  under  the  name  of  Cryptostomata,  and 
characterised  by  having  the  ZosDcia  sub-tubular,  or  in  section,  slightly 
angular,  and  the  orifice  surrounded  by  a  vestibule  or  otherwise  con- 

*  See  Note  on  Glanoonome  disticha,  from  the  Bala  beds,  &a,  by  G.  W. 
Shnibsole;  also  in  the  Geol.  Magazine,  Aagust,  1882,  pp.  381-.')82. 
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cealed.  The  families  referred  to  this  group  are  the  Ceramioporidae, 
Plilodictjridae,  and  ArcanoporidsB."* 

In  my  Fourth  British  Association  Report  on  Fossil  Polyzoa, 

1883,  I  did  my  best  to  classify  the  whole  of  the  tlien  known  Fossil 
species  up  to  the  chalk.  All  my  ideas  were  based  on  the  '*  Cell "  and 
its  arrangement  in  the  branch,  and,  with  tlie  exception  of  the  following 
which  I  now  consider  as  erroneous,  such  as  placing  Ceriopara  inier' 
porosa,  C.  similisy  Phillips,  and  Hypliasmapora  Buskiiy  Eth.  under 
the  Genus  Heteropora,  I  do  not  think  the  classification  has  been  as 
yet  superceded  so  far  as  British  species  are  concerned. 

In  the  sub-divisiou  Cryptostomata,  and  under  the  Family  name 
Arcanoporidje  Vine,  **  Zoarium  multiform,  Zoa3cia  tubular  or  semi- 
tubular,  orifice  of  cell  obscured  by  vestibule,  true  orifice  of  cell 
unknown,"  I  placed  the  following  genera  : — 

Genus  Ptilodictyay  Londsdale.        Type  P.  Loiisdalei\  Vine. 

Arcanopora,  Vine.  „     Flustra  ?  paralella,  Ph. 

Glaiicofiamey  Goldf.  „     G,  disticha,  Goldf. 

[Note. — My  chief  reason  for  shifting  the  type  of  Arcanopora 
from  Glauconams  disticha  to  Flustra  ?  parallela  was  on  account  of 
the  similarity  of  the  "  hidden  cells,"  irrespective  altogether  of  the 
character  of  the  interspaces  between  the  cells.  The  Geological 
Society  objected  to  the  destruction  of  G,  disticha  as  indicated  in  the 
abstract  already  given,  consequently  this  species  remains  the  only 
British  type  of  Glauconome,^ 

In  October,  1882,  four  months  after  the  abstract  of  our  papers 
was  published,  nearly  ten  mouths  after  it  was  written,  the  first  of 
Mr.  Ulrich's  Papers  on  American  Palasozoic  Bryozoa  appeared.  This 
and  subsequent  papers  were  published  in  the  Journal  of  the  Cincin. 
Soc.  of  Nat.  History.  From  the  first  I  hailed  the  publication 
with  pleasure,  but  although  I  have  diflfered  from  Mr.  Ulrich  in  his 
estimate  as  to  what  are  and  what  are  not  Bryozoa  or  Polyzoa,  no 
offence  on  my  part  was  contemplated.     In  his  first  paper,  p.  151,t 

*  Proo.  Chester  Soc.  Nat.  So.,  Ph.  iii.,  1883 ;  and  Silurian  species  of  Glan- 
conome,  &o.,  by  G.  W.  S.  and  G.  R.  Vine.    Abridged,  Qoart.  Jour.  GeoL  Soa, 

1884,  pp.  829-332. 

t  Jour.  Gin.  Soo.  Nat.  His.,  Vol.  V. 
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Mr.  Ulrich  established  a  new  sub-order  which  he  named  and  described 
as  follows : — 

Sub-order  Trepostomata,  Ulbich. 
"  This  sub-order  is  proposed  for  the  reception  of  the  majority  of 
the  Paheozoic,  and  many  of  the  more  recent  Bryozoa.  The  principal 
distinguishing  features  of  the  sub-order  are  : — (1.)  That  the  Zoarium 
is  composed  of  slender  fasciculate  tubes,  which  do  not  (as  is  the 
cas9  in  the  Cifclostomata,)  gradually  enlarge  as  they  approach  the 
surface,  but  remain  throughout  nearly  of  the  same  diameter ;  and 
(2.)  That  at  a  certain  point  in  the  course  of  the  tubes  to  the  surface, 
they  bend  outward,  more  or  less  abruptly,  and  change  in  character." 
Five  families  in  particular  Mr.  Ulrich  places  in  this  sub-division. 
They  are  : — 

1.  Family  PtilodictyonidsB,  Zittel  emend,  Ulrich. 

2.  „  Stictoporidae,  Ulrich. 

3.  „  Monticuliporid®,  Nicholson. 

4.  „  Fistuliporidffi,  Ubich. 

5.  „  CeramoporidflB,  Ulrich. 

In  the  first  family  is  placed  the  Genus  Plilodictf/a,  Lonsdale, 
and  in  the  second  the  Genus  Cystodictyay  Ulrich,  but  both  arc  differ- 
ently characterized  in  the  descriptions.  In  the  Ptilodictya  the  exter- 
nal features  are  diagnosed,  but  in  Gystodictya  the  external  and 
internal  features  are  characterized.  *'  Sections  show  that  the  inter- 
tubular  spaces  are  occupied  by  a  vesicular  tissue."*  It  is  very  evident 
therefore,  that  Mr.  Ulrich  accepted  for  his  generic  divisions  very 
different  characters  from  myself,  he  the  structure  of  the  2harium,  I 
the  character  of  the  Cell  only,  and  there  could  be  no  offence  in  placing 
my  name  Arcanopora,  as  a  synonym  of  Gy8todictya,\  Ulrich,  if  the 
priority  had  been  Mr.  Ulrich's  instead  of  my  own.  My  placement, 
then,  of  two  different  (Jenera,  Flustra  ?  parallela,  Phillips,  in 
close  companionship  with  Ptelodictya  is  not  the  result  of  ignorance, 
but  rather  on  account  of  the  partially  hidden  cell,  and  so  on  with 
Glauconame  disticka,  Goldfuss.  If,  therefore,  we  are  to  depend  upon 
the  structure  of  the  interspaces,  all  of  which  were  well  known  to  me 


♦  Ulrich,  op.  cit,  p.l52 
t  Joar.  Oinom.  ^c,  Nat.  Hist.,  AprU,  1884. 
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long  before  I  wrote,  for  our  generic  divisions  then  Mr.  Ulrich  is 
right  and  I  am  wrong  ;  but  if  the  cell  or  Zowcia  is  to  form  tlie  basis  of 
our  suggested  divisions,  then  our  work  must  be  left  to  the  convenience 
or  the  inclinations  of  future  workers. 

Since  my  labours  commenced,  the  so-called  Ceramopora  megrts- 
toma,  M'Coy,*  has  been  removed  from  the  Polyzoan  group  to  the 
Ccelenterata,  and  in  all  probability  Cerhpora  interporosa,  Phillips,  will 
have  to  submit  to  the  same  fate.  \V  hat  other  species  will  have  to  be 
removed  I  can  partially  anticipate,  but  the  removal  of  these  at  least 
is  justifiable  on  account  of  their  peculiar  structural  elements.f 
Mr.  Ulrich  however,  still  regards  these  as  well  as  the  Monticuliporida^ 
generally,  as  belonging  to  the  Bryozoan  group. 

We  have,  then,  three  sub-divisions,  under  which  the  Palaeozoic 
Polyzoa  may  be  placed,  but  whether  it  will  be  wise  to  retain  the 
wliole,  remains  for  future  workers  to  decide.  My  belief  is  that  all 
may  be  safely  retained,  but  so  far  as  the  grouping  of  the  Palaeozoic 
Polyzoa  is  concerned,  a  little  more  latitude  must  be  observed,  because 
we  deal  with  more  primitive  structures  than  in  the  grouping  of 
Mesozoic,  Tertiary,  or  Recent  species. 

I  have  already,  in  my  Fourth  British  Association  Report  on 
Fossil  Polyzoa  (1883),  given  the  history  of  the  general  grouping  of 
Fossil  species,  ranging  from  the  Silurian  to  the  Upper  Cretaceous 
Rocks  ;  and,  as  already  referred  to,  I  have  recently  reviewed  in  this 
Journal  the  Cyclostomata  of  the  Jurassic  Rocks,  I  shall  now  show  the 
tendency  of  modern  systematic  classification  as  regards  Palaeozoic 
species. 

In  his  "Scheme  of  classification  of  the  American  Palaeozoic 
Bryozoa,"J  Mr  E.  0.  Ulrich  arranges  the  Cyclostomatous  group  as 
follows  : — 

Sub  Order  Cyclostomata,  Busk. 
I.    Family  Tubuliporid^,  Busk. 
Genus  Stomatopora — Broim  :  ranging  from  the  Trenton. 
„      Proboscina,  Audouin. 

*  Review  of  the  Diastoporidse,  Qaart.  Jour.  Geol.  Soc.,  1880. 

t  See  a  Paper  by  Nioholson  k  Foord,  Ann.  Mag.  Nat  Hist.,  Ser.  Y .,  VoL  XVI,  1 885. 

X  Joorn.  Olnoin.  Soo.  Nat  History,  Vol.  y.,  1882,  p.  149. 
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Genus  Berenicea,  Lam. 

Rhopalonaria,  Ulrich. 

II.    Family  Theonoid^,  Busk. 
Scenellopora,  Ulrich. 

III.    Family  ENTALOPiioRiDiR,  Reuss. 
Mitoclema,  Ulrich. 

IV.    Family  FENESTELLiDiE,  King. 
Feuestella,  Lonsdale. 
Polypora,  M'Coy. 
Septopora,  Prout. 
Fenestralia,  Prout. 
Phyllopora,  King. 
Archimcdis,  Lesueur. 
Lyropora,  Hall.'' 

V.  Family  AcANTHOCLADiDiE,  Zittel. 
Penniretepora,  I)*()rb.        ?  Glauconome,  Lonsdale. 

VI.  Family  AaTHROMENiDiE,  Ulrich. 
Arthronema,  Ulrich. 
Arthroclema,  Billings. 

In  a  later  publication t  Mr.  Ulrich  remarks,    "  More  extended 

investigations  of  the  large  group  of  Palaeozoic  Bryozoa have 

shown  me  that  the  classification  (as  given  above)  is  in  some  respects 
faulty,  and  yet  more  incomplete."  In  two  groups  Fenestellidae,  King, 
aiud  Acanthocladidse,  Zittel,  Mr.  Ulrich  places  no  fewer  than  twenty 
genera,  and  he  states  that  the  same  synopsis  will  be  adopted  in  his 
work  on  the  Bryozoa  of  the  State  of  Illinois  (Geol.  Surv.  of  111.,  Vol. 
viii.,  not  yet  published,  Aug.  1888).  A  few  remarks  on  some  of  the 
genera  retained  by  Mr.  Ulrich  may  be  of  use  to  students  of  British 
Palssozoic  Polyzoa,  for  it  is  useless  to  pretend  that  any  of  our  rocks 
will  ever  yield  such  a  wealth  of  forms,  generic  or  specific,  as  the 
American  Palaeozoic  Rocks  have  already  yielded. 

In  our  own  Palaeozoic  Rocks  we  have  abundant  evidence  of  the 
presence  of  the  following  genera : — 

^  Possibly  three  other  (Genera  Carinopora^  Cryptopora^  Nioh.  and  Ptelopora,  M'Ooy. 
f  Oontrlbatioiis  to  A.mericaa  Palaeontology,  Vol.  i.,  May,  188G. 
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Stomatapora, —    several  species,  but  Upper  Silurian  only. 


Bereft  icea  / 

Khopalonaria, 

Entalophora, 

Fene^tella, 

Polt/pora, 

Septopara, 

Stictopara,      = 

Phyllopora, 

Ptilopora, 

Goniocladidy 

Thamnisciis, 

Phnatopora, 

Glaticonovie, 

AcanthoC'ladiay 

Synocladia, 


Probably  in  Silurian  rocks. 
Upper  Silurian  and  Carboniferous. 
Species,  Upper  Silurian. 
Silurian  to  Permian. 
Silurian  and  Carboniferous. 


>» 


>» 


Ptilodictya,  Lonsdale  and  Vine,  Upper  Silurian . 
Lower  Silurian  and  Permian. 
Carboniferous. 


>} 


Upper  Silurian,  Carboniferous  and  Peniiian. 

Lower  Silurian  and  Carboniferous. 

Lonsd.,  Upper  Silurian. 

Permian. 

Permian. 

Mr.  Ulrich  retains  Hemitrypa.,  Phillips,  but  Mr.  6.  W.  Slirubsole* 
has  already  shown,  from  the  examination  of  type  species,  that  so  far 
as  British  examples  are  concerned,  Hemitrypa  is  an  untenable  genus, 
and  cannot  stand.  The  whole  of  these  genera  are  given  as  Cyclos- 
tomatous  in  the  1882  paper  of  Mr.  Ulrich,  but  I  cannot  say  whether 
he  will  retain  the  same  sub-division  for  the  emended  grouping.  So 
far  as  my  own  experience  goes,  only  a  few  of  the  genera  given  above 
can  be  so  placed,  but  before  a  satisfactory  arrangement  can  be  made, 
typical  species  of  every  genus  will  have  to  be  described  by  sections, 
both  of  the  Cells  and  of  the  Zoarium,  in  accordance  with  the  now 
genenll  mode  of  dealing  with  minute  structures  in  other  groups  of 
fossil  organisms. 

IL      SUB-ORDBR   CrYPTOSTOMATA,   ViNE. 

In  my  fourth  Report,  (British  Association,  1883).  I  gave  a  des- 
cription of  the  minute  stnictures  of  a  species  of  so-called  Ptilodictya, 
Lonsdale.  It  is  well  known  that  Lonsdale  indicated  that  his  genus 
and  species  were  similar  to,  if  not  identical  with  Flustra  lanceolata, 
Goldf.  In  all  probability  this  was  an  error,  as  the  small  specimens 
selected  by  me  for  P.  Lonsdalei  do  not  correspond  with  Ooldfuss's 

*  Quart  Jour.  Geol.  Soa,  187d,  pp.  281-2. 
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species  otherwise  than  in  its  feather-like  arrangements.  In  a  note 
Lonsdale  says  "  This  coral  is  considered  by  Goldfuss  to  be  a  Flustra,"^ 
but  it  is  placed  by  Milne  Edwards  among  the  doubtfid  species  of  that 
genus,  (2nd  Ed.  Lamk,  pt.  ii,  p.  219).  From  Eschara  it  differs  in 
not  liaving  a  central  partition.  I  have  ventured  to  propose  the  above 
name  taken  from  the  feather-like  arrangements  of  the  middle  and 
lateral  cells,  "f  Only  one  species  is  placed  in  the  genus  by  Lonsdale, 
P.  lanceolata,  Lonsd.,  and  he  remarks  "  Small  fragments  of  probably 
young  specimens  of  this  species  are  occasionally  found  in  the  shales 
of  Wenlock  limestone."  It  is  from  fragments  so  abundantly  distri- 
buted in  the  Wenlock  shales  that  I  selected  the  types  of  my  species 
P.  lonsdalei.  The  Esc/uira  scalpellum,  Lonsd ,  is  present  in  the 
Wenlock  shales  also,  though  not  so  abundant.  It  is  certainly  uot  an 
Eschara,  neither  is  it  a  Ptilodictya,  in  the  same  sense  as  the  type 
species  of  Lonsdale  or  Goldfuss.  In  my  classification  I  except  this 
species  as  I  am  still  doubtful  where  to  place  it.  The  Ptihdictya 
inUrparosa,  Vine,  according  to  the  arrangement  of  Mr.  Ulrich,  is  a 
Sticfoporella,  and  not  a  PtilodictyUy  hence  we  have  only  the  two 
species  P.  lanceolata,  Lonsd.,  Dudley  limestone,  and  P.  lonsdalei, 
Vine,  in  our  firitish  rocks,  if  the  British  species  are  retained 
as  Ptilodictya,  Lonsd.,  and  not  as  Stictopora,  Hall. 

The  careful  study  of  British  species,  at  that  time  including 
Eschara  scalpellum  as  a  Ptilodictya,  led  me  to  remark  of  Phillips' 
Flustrai  paralleUt  =  Vincularia,  id.  M'Coy,  **I  .  .  .  prefer  to  leave 
the  Flustra  which  Phillips  describes  with  the  Ptilodictya  as  P.  par- 
aUela,  and  this  reference  is  founded  upon  original  investigation  of 
yarious  specimens  of  Ptilodictya,  &c."J     This  might  have  been  an 


*NOTK. — Flustra,  according  to  the  definition  of  Goldfoss  and  Linnaeus,  is 
as  follows:— Flubtb a,  Linn.,  atirps  foliaoea,  flexiles,  lapideecens,  cellolariam 
■eriabns  in  ntraque  pagina,  e  baais  frontia  radiantibua  quaai  contexta. — Petrif ac, 
p.  32.  Flustra,  somewhat  stony,  submembranaceoas,  and  flexible,  on  a  thin 
cmflt,  oonaiating  of  contiguous  cells,  set  in  many  regular  series,  on  one  or  both 
■nrfaoea;  ceUs  sessile,  short,  oblique,  with  a  terminal,  irregular,  frequently  den- 
tated,  or  cDiated  margin.— Brown's  Zoologists'  Text  Book,  Ist  Ed.  1833,  p.  560. 

t  Silurian  System  1S39,  p.  676.  Redefined  by  M'Coy,  Brit.  Pal.  Fobs.  1847, 

(  =  SticktopTa,  UaU). 
X  Brit  Aflsoa  Report  on  the  Carb.  Polyzoa,  1880,  p.  2  of  Report. 
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error  of  judgment  on  my  part,  but  no  great  sin  at  a  time  when  so 
little  was  known  about  our  British  species.  Since  then  my  knowledge 
has  been  widened,  and  I  owe  to  Mr.  Ulrich's  friend,  and  my  own, 
Mr.  J.  M.  Nickles,  ample  American  material  from  the  Cincinnati 
rocks,  to  show  that  the  location  may  have  been  a  bad  one.  I  quote 
my  own  remarks,  and  I  will  later  on  reproduce  my  original  illustra- 
tions, which  were  drawn  for  the  purposes  of  the  Report  in  1879. 
The  structure  therefore  which  formed  the  basis  of  the  character  of 
Cystodictya,  Ulrich,  were  known  to,  but  not  fully  appreciated  by  me 
at  the  time  I  wrote.  In  the  same  report,*  however,  I  separate  the 
Sidcoretepot'a  Robertsoniy  Young  &  Young,  from  FJ  parallela,  remark- 
ing that  S.  Bobertsoni  is  destitute  of  the  non-poriferous,  rugose,  and 
striated  margins  of  F,  parallela.  It  is  upon  the  presence  of  this 
particularly  constant  character  that  I  refer  Phillips  species  to 
PtilodictyaJ'  This  correction  of  my  former  work  was  needful,  and  I 
make  no  apology  for  its  introduction  here.  The  remark  however 
does  not  apply  to  my  nomenclature  of  the  minute  structures  of  I\ 
lonsdaleij  Vine,  which  I  used  as  the  basis  of  the  sub-divison  Cryptos- 

TOMATA. 

"  Zocecia  tubular,  sub-tubular,  in  section  (occasionally)  slightly 
angular.     Orifice  of  cell  surrounded  by  vestibule,  concealed." 

I  am  not  prepared  at  present  to  say  what  species  will  be  included 
in  the  group,  but  I  wish  the  student  to  bear  in  mind  that  my 
arrangement  is  based  upon  the  "cell"  rather  than  upon  the 
surroundings  of  the  cell,  and  that  I  still  retain  Ftilodictt/a  lofisd<ilei 
(Stictopora  ?)  and  its  peculiar  structures  as  typical  of  the  division. 
III.    Sub-order  Trepostomata,  Ulrich. 

There  are  several  species  in  British  Silurian  Rocks  that  may  be 
conveniently  placed  in  this  sub-order,  notably  the  Pseudo-Polyzoan 
forms  referred  to  in  the  Fourth  British  Association  Report  (p.  45  of 
Report).  Many  of  these  species  are  still  awaiting  description  and 
illustration,  but  I  have  preferred  to  keep  them  in  abeyance  till  the 
report  of  Mr.  E.  0.  Ulrich  is  published  ;  but  the  groups  MonticuU- 
pora  and  Fistulipora  liave  been  so  ably  handled  by  Prof.  Nicholson 


*  Ibid,  p.  8  of  Report. 
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and  A.  H.  Foord,*  that  I  feel  it  would  be  mere  folly  on  my  part  to 
suggest  polyzoal  affinities  for  species  that  have  beeu  placed  iu  the 
genera  indicated,  by  these  competent  authorities. 

In  his  review  of  the  "  Bryozoraire8,"t  Dr.  M.  Gustavo  Dolfus 
suggests  that  the  general  classification  of  the  Bryozoa  is  indispensable 
to  a  good  description  of  species,  and  after  reviewing  the  work  that 
has  been  accomplished  by  Hincks,  Smitt,  Busk,  Waters,  Pergcns 
and  others,  he  gives  a  resume  of  what  has  been  done  by  M. 
Koschinsky  and  M.  Waagen,  the  first  on  the  ancient  tertiaries, 
(Eocene),  of  Bavaria,  the  other  on  the  Fenestellidae  of  the  Car- 
boniferous rocks  of  India..  I  have  not  seen  M.  Waagen's  work,  but 
Dr.  Dolfus  furnishes,  in  the  review  referred  to,  some  account  of  tlie 
grouping  of  Palaeozoic  Polyzoa  by  this  author.  The  arrangement  is 
difierent  from  that  ordinarily  received,  but  I  give  it  on  the  authority 
of  M.  Dolfus  (op.  cit.  p.  186). 


Family    1 . — Fenestrellinae. 


Family   II. — Polyi)orina. 


Family  III. — Goniocladiuse. 


1839,  Fenestrella,  Lonsdale. 

1858,  Fenestralia,  Prout. 

1859,  Septopora,  Prout. 
1857,  Lyropora,  Hall. 
1844.  Ptilopora,  M'Coy. 
1883,  Helicopora,  Claypole. 
1842,  Archimedis,  Lesueur. 
1844,  Polypora,  M'Coy. 
1849,  Phyllopora,  King. 
1849,  Synocladia,  King. 
1876,  Dendricopora,  Koninck. 
1876,  Gouiocladia,  Etheridge,jun. 
1875,  Ramipora,  Toula. 


Location  Doubtful. 


?     Disticheia,  Sharp. 
1874,  Carinopora,  Nicholson. 
1874,  Cryptopora,  Nicholson. 
1876?Protoretepora,  Koninck. 
=?  Phyllopora,  King. 


*  Annals  and  Mag.  Nat.  Hist.,  Dec.,  1S86,  pp.  406-517, 
t  Ezirait  de  ranniiare.g6ologiqae  aniveraal.    Tome  iii.,  1887- 
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lu  Dr.  Lindfltrom's  ''  List  of  the  Fossils  of  the  Upper  Silurian 
Formation  of  Gotland/'"^  the  following  species  are  placed  after  the 
Brachiopoda,  under  the  head  "  Bryozoa/'  p.  13. 

1.  Monticulipora  fibrosa,  Goldf. 

2.  ,t  petropolitaua,  Pander,  var. 

3.  „  ostiolata,  Hall. 

4.  n  Fletclieri,  Edw.  and  Haime. 

5.  n  ?  pulchella,  Edw.  and  Haime  ? 

6.  Chffitetes  Bowerbankii,  Edw.  and  H. 

7.  Trematopora  solida,  Hall. 

8.  Discopora  sqamala,  Lonsdale. 

9.  Cladopora  repens,  Linn. 

10.  y,  sparsa,  Hall 

11.  „  seriatoporides,  E.  and  H. 

12.  CoDuites  juniperinus,  Eichw. 

13.  „      orientaliSi  Eichw. 

14.  „      linearis,  Ed.  and  H. 

15.  Ptilodictya  lanceolata,  Goldf. 

16.  „  tessellata,  His. 

17.  Betepora  reticulata,  His. 

It  would  be  unfair  to  the  author  if  I  did  not  make  some  refer- 
ence to  the  labours  of  Mr.  James  Hall,  of  the  New  York  State 
Museum,  of  which  he  is  the  principal  Palaeontologist.  In  the  3'ear 
1847  the  first  volume  of  the  Palaeontology  of  New  York  was  pub- 
lished. In  it  the  author  describes  and  illustrates  (pi.  iv.)  several 
species  of  Polyzoa  or  Bryozoa  from  the  Chasy  and  Trenton  Lime- 
stone, which  he  names  Betepof^a,  Gorgonla  ?  Stictopara,  Escharopofxi 
and  Intricaria.  Other  volumes  followed  in  successive  years,  the  last 
one,  VI.,  appearing  quite  recently,  in  all  of  which  new,  or  little 
known  Bryozoa,  are  described  and  figiired.  Since  Mr.  Hall  began 
his  labours  on  the  Bryozoa  new  methods  of  procedure  have  been  intro- 
duced into  the  study  of  the  group,  consequently  conflicts  between  tlie 
favourers  of  the  new  or  the  old  methods  have  been  frequent,  and  at 
times,  severe.     It  has  not  been  my  happy  lot  to  side  with  either 

*  Stookhdlm,  1S86.    Privately  printed.    See  alio  Dr.  Lindstrom's  paper 
AnD.  Mag.  Nat.  Hist.  Ser.  iv.,  YoL  xviii.,  p.  6.,  et  aeq. 
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party,  and  in  iheae  notes  I  have  done  my  best  to  be  fair  all  round. 
If,  then,  I  take  two  horizons  of  Mr.  Hall's,  which  have  been  fully 
catalogued,  the  Upper  and  the  Lower  Helderberg  groups,  I  shall  be 
able  to  give  a  pretty  full  83mopsis  of  the  generic,  but  not  the  family 
grouping  of  the  author. 

Lower  Helderberq  6R0UP.*=Upper  Silurian. 

Of  the  grouping  in  this  horizon  Mr.  Hall  says  "  The  fossils  in 
this  enumeration  are  designated  as  Corals  and  Biyozoans,  the  line  of 
demarcation  between  the  two  classes  in  the  genera  CHiETETES,  Trem- 
ATOPORA  and  Callapora  being  at  the  present  time  not  satisfactorily 
determined."  Mr.  Hall  further  states  that  the  revision  of  his  previous 
paper  (1874),  together  with  the  description  of  the  new  species  here 
included,  gives  an  expression  of  our  knowledge  of  these  groups  of 
fossils  up  to  1878. 

Genus  Aulopora,  Goldfiiss 

Vermipora,  Hall 

Striatopora,  Hall 

Michelina,  De  Eoninck 

Favosites,  Lamarck 

Chfietetes,  Fischer 
The  whole  of  these  genera  are  described  as  "  Corals "  by  Mr. 
Hall,  and  the  following  as  "  Bryozoans." 

Genus  Trematopora,  Hall    Nine        species. 

Callopora,  Hall 

Lichenalia,  Hall 

Ceramopora,t  Hall 

Paleschara,  Hall 

Stictopora,  Hall 

Escharopora,  Hall 

Fenestellal  Ix)nsdale  Twenty-five 

Icthyorachis,  M'Coy  One 

Thamniscus,  King     Five 


Five  species. 
Three 
One 
One 

Six 
Six 


»> 


>> 


>> 


>> 


fi 


a 


>> 


>« 


Thirteen 

Three 

Four 

Three 

One 

Four 


and  Vars. 


1880. 


*  dfnd  Amnud  Report  on  the  State  Mae.  Albany, 
t  Thia  iiieliitoi  Bermic§a  maoDima,  Hall,  26ih  Bep ,  N.  Y.  8.,  Mna.,  1874. 
I  InofaBMUiig  the  ao-oalled  "  Hemitrypa"  qfiedea. 
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1881.  Upper  Helderberg  GROUP.=Devonian. 
In  this  paper  the  "  Bryozoans  of  the  Upper  Helderberg  and 
Hamilton  formations  '*  are  described.  Mr.  Hall  in  a  note  says  that 
he  has  "included  a  few  forms  of  CHiETETES,  which  from  their 
structure  can  scarcely  be  separated  from  Favositid^,  while  the 
differences  between  this  genus  and  Trematopora  is  hardly  deter- 
minable by  any  well-marked  characters.  Under  the  Fenestellidje, 
I  have  not  recognized  the  genus  Polypora,  though  describing  species 
with  from  two  to  four  ranges  of  cells  on  the  branches.  The  numerous 
examples  of  this  variation  have  rendered  the  distinctions  between 
the  genera  obsolete." 

Genus  Chatetes,  Fischer 

Trematopora,  Hall 

Callopora,  Hall 

Lichenalia,  Hall 


species. 


>> 


>> 


» 


}> 


9> 


tt 


if 


Four 
Six 
Three 

Nineteen        „ 
„  Sub-genus  Phractopora,  One  species. 

Thallostigma,  n.g.  Three    species. 


Stictopora,  Hall  Nine 

Intrapora,  n.g.  One 

Thamnopora,  n.g.  One 

Prismopora,  n.g.  Two 

Scalaripora,  n.g.  Two 

Glauconome,  Goldfuss.  Three 

Thamniscus,  King         Two 

Cystopora,  n.g.  One 

Clonopora,  n.g.  Two 

Crisina,  D'Orbigny        One 

Genus  Fenestella  (Miller),  Lonsdale,  Sixty-three  species, 

Including  Fourteen  bracheted  (Hemitr3rpa). 

In  addition  to  the  above  lists  1  have  by  my  side  a  c^refuDy 

compiled  MS.  Catalogue  of  Palaeozoic  Bryozoa,  by  my  friend  J.  M 

Nickles,  in  which  he  enumerates,  including  Hall's  species  up  to 

1887,  the  names,  together  with  a  few  synonyms,  of  nearly  1,500 

species,  American  and  Foreign.     It  is  very  certain  that  this  amazing 

wealth  demands  the  closest  scrutiny,  and  to  deal  with  all  the  minutias 

which  links  together  group  with  group,  is  beyond  my  powers.      To 
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attempt  classifying  such  vast  masses  of  mixed  forms  on  the  old  lines 
of  a  varying  2k)ariiim,  or  on  the  possession  of  a  more  or  less  number 
of  cells  to  the  branch,  as  in  the  Fenestella,  is  a  task  I  leave  to  others. 
Yet  so  far  as  our  own  Polypora  are  concerned  it  seems  to  me  not  a 
wise  grouping  to  found  a  family  name  Fenestellidw,  on  account  of  the 
banding  together  by  dissepiments  of  the  branches  of  a  form, 
r^ardless  altogether  of  the  structure  of  the  cells  and  the  Zoarium. 
I  am  well  aware  that  in  the  rocks  of  the  Niagara  group,  and  also  in 
our  Dudley  limestone  there  are  species  with  alternating  branches, 
bearing  two  and  three  rows  of  pores,  yet  so  far  as  I  have  been  able 
to  study  the  forms  superficially,  both  the  branches  and  the  cells 
differ  from  those  of  Polypcyixi,  My  material  of  the  species  is  how- 
ever too  limited  to  warrant  a  more  critical  opinion. 

At  the  beginning  of  this  paper  I  specified  two  wants— 
1st,  a  suitably  definite  nomenclature  descriptive  of  the  structural 
elements  of  the  Zoarium  ;  and  2nd,  a  ready  agreement  on  the 
part  of  Palseontologists  as  to  what  should,  and  what  should  not 
be,  admitted  as  Bryozoa. 

In  the  details  given  above,  I  think  I  have  justified  this  necessity 
in  dealing  with  Palaeozoic  forms.  It  now  remains  for  me  to  carry  the 
work  a  step  forward  by  asking,  in  the  interests  of  Palaeontology, 
plainly — What  are  Pol3rzoa  ?  What  are  the  marks  in  the  Zooecia  or 
Zoarium  which  distinguishes  the  group  from  all  other  groups  ?  I  do 
not  ask  in  the  interests  of  either  biology  or  of  ordinary  natural 
history,  because  both  the  Biologist  and  the  Naturalist  can  resort  to 
the  living  animal  or  to  well-sectioned  tissues  for  the  solution  of  nearly 
all  their  difficulties.  Besides  special  memoirs  we  have  the  introduc- 
tion to  Hinck's  British  Marine,  and  Dr.  AUman's  Monograph  of  the 
Fresh  Water  Pol3rzoa.  These  works,  however,  do  not  sufficiently 
describe  the  Zoarium  of  the  more  calcareous  Cyclostomata  so  as  to 
be  of  use  to  the  Palaeontologist,  but  good  work  has  been  attempted 
nevertheless.  Mr.  Waters*  very  accurately  describes  my  own  views 
on  the  subject  as  well  as  proposes  to  me  a  problem  which  still 
awaits  solution,  but  of  which  this  paper  is  the  first  instalment. 
He    says, — "  Although    it    would   be  impossible  here  to  give    a 


^Fofldl  Cjdostomata  from  AoBtralia,  Quart.  Jonr.  GeoL  Soa,  Vol.  40,  pp.  679-680. 
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complete  history  of  all  that  has  been  attempted  in  the  way  of 
arrangement,  we  must  mention  the  efforts  of  Dr.  H.  Hamm."*  Dr. 
Hamm,  however,  in  his  new  classification  and  on  very  slender  basis 
creates  fourteen  new  genera  of  fossil  Cyclostomata.  "It  is  not  new 
genera  or  families  that  are  wanted  ;  the  real  difficulty  is  to  deal 
with  and  show  the  connection  of  those  now  used."  Further  on 
(p.  680)  Mr.  Waters  says  "  Mr.  Vine  has  brought  together  in  the 
British  Association  Reports  a  vast  amount  of  material  bearing  upon 
the  classification  of  the  Cyclostomata  up  to  the  age  of  the  Cretaceous. 
.  .  .  For  my  own  part  I  much  doubt  if  we  are  yet  in  a 
position  to  frame  anji^hing  approaching  to  a  natural  and  final  classifi- 
cation of  the  older  forms,  but  this  opinion  may  arise  from  my 
extremely  small  acquaintance  with  Palaeozoic  Bryozoa ;  but  neither 
do  I  think  we  have  nearly  arrived  at  that  point  with  the  recent  and 
neozoic  forms,  and  until  this  is  the  case  we  can  haixily  expect  to  be 
quite  sure  about  the  older  ones ;  and  I  have  often  urged  upon  my 
friend  Mr.  Vine  that  more  information  concerning  the  minute  struc- 
tures would  be  most  valuable  from  so  good  a  worker."  In  answer  to 
the  question  what  are  Polyzoa — 

Mr.  Hincks  saysf  "  The  Polyzoa  are  almost  universally  composite 
animals,  forming  colonies  of  considerable  extent,  which  are  the 
products  of  repeated  continuous  gemmation."  In  every  Polyzoon 
we  distinguish  two  fundamental  elements,  the  Zo(ECIUM  and  the 
POLYPIDE.  These  are  the  primary  Zooids  in  every  colony."  Professor 
H.  A.  Nicholson  says  J"  All  the  Polyzoa  live  in  an  associated  form 
in  colonies  .  .  each  *  Polyzoarium  *  (or  colony)  consists  of  an 
assemblage  of  distinct  but  similar  Zooids  arising  by  continuous  gem- 
mation from  a  single  primordial  individual.  The  colonies  .  .  . 
are  in  many  respects  closely  similar  to  those  of  many  of  the  Hydroid 
Polypes  ....  The  *  Polyzoarium  '  or  *  Coenecium  '  however  of 
a  Polyzoon  differs  from  the  Polypidom  of  a  composite  Hydroid  in  the 
general  fact  that  the  separate  cells  of  the  former  do  not  communicate 
with  one  another,  otherwise  than  by  the  continuity  of  the  external 

*  Die  Bry.  dee  Mastr.  Ober-Senon.  1  Th.  Cycloa,  Berlin,  1881. 
f  Introdaction  Brit.  Marine  Poljzoa.  pp.  i  and  iii. 
X  Manual  of  Paleontology.  VoL  I,  p.  414,  Ed.  1879. 
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integumeut,  whereas  the  Siooids  in  the  latter  are  united  by  an  organic 
connecting  medium  or  csenosarc."  Mr.  Hincks  describes  the  **  Ros- 
ettenphite "  of  Reichert  as  a  *'  diaphragm,  pierced  by  one  or  more 
minute  orifices,  occurring  in  the  walls  of  the  adjacent  cells  amongst 
the  Cheilostomata  ...  by  means  of  which,  communication  is 
maintained  between  all  the  cells  of  a  colony.  ..."  I  have 
already  quoted  a  passage  from  Mr.  Waters'  paper  on  the  Cycloitomata, 
in  which  the  following  remark  may  be  found,  but  I  give  it  again  in 
connection  with  the  above.  In  Heteropora  pellicuUita,  Waters,  there 
is  a  plate  or  diaphragm  "  seemingly  perforated  in  the  centre,  it  occurs 
in  the  middle  of  the  pore-tube,  and  thus  it  seems  entirely  to  corres- 
pond to  the  simplest  rosette-plates  of  the  Cheilostomata."*  Mr.  Busk 
observed  "  The  Polyzoa  are  always  associated  into  compound  growths, 
made  up  of  a  congeries  of  individuals,  which  though  distinct,  yet 
retain  some  degree  of  inter-communication."  From  all  this  we  glean 
the  fact  that  in  recent  species  of  Polyzoa,  a  means  of  inter-commu- 
nication do  exist  between  cell  and  cell,  both  in  the  Cyclostomata  and 
the  Cheilostomata,  and  inferential ly  we  may  conclude  that  such 
means  might  have  existed  in  the  cells  of  true  fossil  forms  of  Polyzoa 
as  well. 

As  regards  the  affinities  of  the  Polyzoa,  much  diversity  of 
opinion  exists.  In  his  work  on  Palseontologyt  Professor  Owen  says 
"  The  Bryozod  are  allied  to  the  compound  Ascidia,  but  not  one  of 
the  Ascidian  Molluscoids  quit  the  ovum  as  a  gemmule  swimming  by 
means  of  cilia,  and  no  Bryozoon  quits  the  ovum  in  the  guise  of  a 
cercarian  or  tadpole,  to  swim  abroad  by  the  alternate  inflexions  of  a 
caudal  appendage  ....  The  Bryozoa,  whether  regarded  as  the 
highest  organised  Polypes,  or  as  the  lowest  organised  mollusca,  or  as 
an  intermediate  type,  are  treated  of  in  systematic  Palaeontology  in 
the  position  here  assigned  to  them.  The  practical  Palaeontologist 
finds  himself  compelled  to  arrange  and  study  the  Bryozoa  along  with 
the  corals,  if  only  on  account  of  the  difficulty  he,  in  many  cases, 
experiences  of  determining  which  class  of  Polypi  his  specimens  belong 
to,"     Mr.  Hincks  condenses  the  opinions  of  several  naturalists  in  a 

•  Qaart.  Jour.  GeoL  Soa,  Vol.  40,  p.  G77. 
t  Bdition  1860,  p.  27,  &o. 
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few  brief  paragraphs  in  his  work  on  "  British  Marine  Polyzoa,"  p.  cix. 
"  They  have  been  ranked  among  the  worms  by  Leuckart,  Gegenbaiir, 
Sclineider,  and  Ehlers,  the  two  latter  authors  placing  them  near 
the  Gephyrwa ;  Barrois,  though  doubtful,  inclines  to  connect  them 
with  the  Rotifera ;  Reichert  would  approximate  them  to  the  Ccelen- 
terates ;  Milne  Edwards,  Agassiz,  Allman,  Huxley,  Ray  Lankester, 
and  others,  either  refer  them  to  tlie  MoUusca  or  place  them  in  a 

dependency  of  this  sub-kingdom,  the  Molluscoida I 

shall  confine  myself  in  a  great  measure  to  a  statement  of  the  grounds 
on  which  I  hold  that  the  Polyzoa  are  essentially  Molluscan.** 

Unfortunately  for  science,  the  promise  shadowed  forth  in  the 
preface  to  the  monograph  of  the  Silurian  Fossils  of  the  Girvau  District 
in  Ayrshire  was  not  fully  carried  out.  In  the  preface  to  the  first 
Fasciculus,  Messrs.  Nicholson  &  Etheredgc,  jun.  state  (p.  viii)  :— 
**  The  only  point  about  the  corals  worth  mentioning  is,  that  we  have 
thought  it  advisable,  in  the  meanwhile,  to  retain  such  forms  as 
Chwtetes  and  Flstulipoia,  in  the  Actinizoct,  rather  than  keep  them 
back  till  we  come  to  deal  with  the  Polyzoa,  It  may  ultimately  be 
shown  that  these  forms  should  properly  find  their  place  among  the 
latter,  but  this  view  cannot  be  regarded  as  proved,  and  there  are 
considerable  difficulties  in  the  way  of  its  adoption."  The  Polyzoa, 
so  far  as  I  am  aware,  have  never  been  described  as  yet  from  the 
Girvan  district. 

In  his  work  on  the  Genus  Monticulipora  (Ed.  1881),  Professor 
H.  A.  Nicholson  has  entered  fully  into  all  the  characteristics  of  the 
development,  affinities,  and  systematic  position  of  Monticulipora 
(pp.  56-78),  and  I  believe  that  a  close  study  of  this  part  by  the 
student  of  Fossil  Polyzoa  will  dispel  many  loose  ideas  repecting  the 
Zoological  position  of  the  group.  Many  of  Professor  Nicholson's 
remarks  are  based  on  Foreign,  rather  than  British  species,  and  my 
pretty  full  knowledge  of  Sihirian  forms,  founded  upon  thousands  of 
examples  from  the  Wenlock  Shales,  compels  me  to  draw  a  line  at  true 
Monticulipora,  and  not  to  include  in  the  group  fonus  that  may, 
with  some  propriety,  be  placed  much  nearer  to  Polyzoa  than  to 
Monticulipora.  I  take,  therefore,  no  exception  to  Nicholson's  generic 
characters,  but  I  select  the  following  as  a  special  diagnosis  ; — 
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(a)    Corallum,    composed    of    closely    approximated     tubular 

corallites. 
(/>)    Walls  of  Corallites,  never  absolutely  amalgamated. 
(r)     Walls  imperforate,  and  septa  entirely  wanting. 

(d)  Tabube  always  present,  generally  complete. 

(e)  The  presence  of   "  Monticules  "   and    "  Maculae "  ;   areas 

elevated  and  depressed. 
The  above  I  consider  a  fair  analysis  of  the  Corallum,  but  Professor 
Nicholson  lias  made  us  his  debtor  in  his  further  studies  of  members 
of  the  group  in  his  fresh  contribution  on  the  Genus  FistuliporaM'Coy,* 
by  adding  a  useful  working  nomenclature  of  parts  of  the  Corallum, 
which  will  supersede  the  terms  used  in  his  **  Monticulipora,"  and 
**  Palaeozoic  Corals." 

(/)    Autopores         =  "  large  corallites  "  of  the  above  works. 
(g)    Mesopores         =  "  interstitial  tubes  "  „ 

(h)    Acanthopores    =  "  spiniform  corallites  " 
(/)    Corallites,  only  used  in  a  general  sense  when  referring  to  the 
tribes  of  which  the  colony  is  made  up. 
As  the  tnie  opposite  of  this  nomenclature  the  following  may  be 
suggested  as  applicable  to  Polyzoa,  and  partially  adopted  from  Mr. 
Hincks. 

I.     Zoarium  (  =  Polyzoarium).    The  composite  structure  formed 

by  repeated  gemmation. 
II.     Zocecium  (  =  cell).    The  chamber  in  which  the  polypide  was 
lodged. 

(a)  Cell  wall  ornamented  by  foramina  (  =  punctures,  Busk). 

III.  Coenecium  =-  the  common  dermal  system  of  a  colony. 

IV.  Ectocyst  (  =  ectoderm).     The  outer  layer  of  the  Coenecium. 

(b)  Ectocystal  tubas.     Tubes  nominally  ornamental  of  the 
Coenecium,  but  which  penetrate  this  layer. 

(c)  Interectocystal  tubes.     Tubes  horizontal  to  the  Ectocyst. 
V.     Endocyst.     The  inner  layer  ;  valuable  to  the  Palieontologist 

as  a  reference  whenever  the  Ectocystal  tubes  penetrate  the 
substance  of  the  Endocyst. 

♦  Dr.  H  A.  Nicholson  and  A.  H.  Foord.    Ann,  Mog.  Nat.  Hist.  Ser.  v.,  Vol.  xvi., 

pp.  49G-517. 
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VI.     Funioular  opening  and  Endosarcal  passages.     The  opening  at 
the  bottom  of  tlie  cell,  and  the  intijrspaces  between  cell 
and  cell. 
VII.     Gonocyst.     The  inflation  of  the  surface  of  the  2k)arium,  in 
which  the  embryos  are  developed  (  =  Ovicell). 
As  this  paper  will  be  followed  by  others,  wholly  devoted  to  the 
structural  characteristics  of  the  Palaeozoic  Polyzoa,  it  may  be  well  to 
refer  to  remarks  in  my  first  paper  on  Djastoporid^,*  "  It  is  clear    . 
.     .    that  the  Palaeozoic  representatives  of  the  family  Diastoporide 
differ  very  materially  fi-om  the  more  recent  members.     If  the  whole 
are  to  be  classified  under  one  family  name,  a  course  highly  advan- 
tageous to  the  study  of  Polyzoa,  it  will  be  necessary  to  take  into 
consideration  the  more  prominent  characters,  and  place  the  species 
of  the  different  formations  under  suitable  genera,"  consequently  I 
suggested  the  following  arrangement : — 

Recent  and  Tertiary    Genus    I. — Diastopora,  Johnston. 
Secondary  „      II. — To  be  re-worked. 

Palaeozoic  (in  part)  „    III. — Ceramopora,  Hall. 

Palaeozoic  (in  part)  „    IV. — Berenicea,  M' Coy *s  description 

restricted. 
Since  then  Ceramopora  megastonie,  Vine,  has  been  re-worked  by 

Mr.  John  Young  f  and  Messrs  Nicholson  &  Foord,t  and  the  carboni- 
ferous form  is  now  placed  as  a  synonjrm  of  FistuUpora  (Calamopora) 
incrmtiim,  Phillips.  I  have  no  objection  to  the  synonym,  for  it  is  in 
good  company,  and  I  refer  to  it  now  because  the  re-study  of  the  form 
by  these  esteemed  authors  has  brought  out  a  most  valuable  structural 
feature  in  this  species,  and  in  FistuUpora  generally.  "  This  consists 
of  a  very  peculiar  modification  of  the  walls  of  the  autopores  which 
give  them  quite  a  distinct  facies.  The  autopores  possess  a  strong 
fold  which  imparts  a  trilobate  or  floriform  aspect  to  the  cells."  The 
sinus  is  minutely  described  by  the  authors,  and  as  it  has  a  decided 
morphological  significance,  I  refer  the  student  to  the  closer  study  of 
the  autopores  of  the  Monticuliporidae,  taking  as  his  guide  the  valuable 
paper  on  the  Genus  FistuUpora,  M*Coy,  by  Nicholson  &  Foord. 

*  Qaarc.  Jour.  Geol.  Soo ,  Vol.  XXXVI,  1S80.  pp.  366-361. 
t  Annals  and  Mag.  Nnt.  Hist.,  Deo.  1SS2,  pp.  < 27-431,  and  Trans,  Geol.  Soa, 

Olasffow,  1S88,  pp.  244-260. 
X  Ann.  Mag.  Nat.  Hist.,  Ser.  V.,  Vol  xvi,  p.  500. 
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NOTES  ON   THE  ANCIENT   ENTRENCHMENTS  IN   THE  NEIOHBOUKHOOD 
OF  WETWANG.      BY   REV.    E.    MAULE  COLE,  M.A. 

In  1882  Major-General  Pitt-Rivers  published  the  paper  read  by 
him  the  previous  year  before  the  British  Association  at  York,  on  the 
Earthworks  of  the  Yorkshire  Wolds,  with  a  map  illustrating  the  dis- 
trict referred  to. 

The  accompanying  map  is  drawn  to  show  the  mass  of  entrench- 
ments, lying  further  to  the  West  and  South,  untouched  by  the  paper 
alx)ve  mentioned.  By  his  excavations  in  the  earthwork,  commonly 
called  Danes  Dike,  at  Flamborough,  Major-General  Pitt-Rivers  lias 
established  the  teyot  that  that  famous  entrenchment  was  constructed 
by  a  people  who  used  flint  weapons,  and  apparently  had  no  know- 
ledge of  bronze.  He  expresses  an  opinion  that  the  tumuli  and 
entrenchments  on  the  Wolds  are  of  a  similar  age  ;  but,  quoting  Canon 
Greenwell's  authority,  he  goes  on  to  observe  that  the  tumuli  were 
raised  by  a  people  in  the  early  bronze  phase  of  civilization,  as  bronze 
knife-daggers  and  celts  of  an  early  t3rpe  had  been  found  in  them. 
This  may  be  true  of  some  other  area,  but  not  of  the  one  before  you, 
which  contains  some  300  British  barrows,  opened  by  Mr.  J.  R. 
Mortimer,  in  none  of  which  was  any  bronze  found. 

The  tumuli  and  entrenchments  were  doubtless  to  a  certain 
extent  contemporaneous,  though  instances  can  be  pointed  out  where 
an  eutrencliment  has  evidently  been  diverted  for  the  purpose  of 
avoiding  a  tumulus.  If,  therefore,  any  preference  as  to  age  must  be 
given,  it  should  be  in  favour  of  the  tumuli. 

ITie  entrenchments  are  not  all  of  the  same  kind  ;  some  are  merely 
tracks  running  along  the  brow  of  a  steep  dale,  hollowed  out  originally 
to  a  depth  of  four  or  five  feet,  the  earth  thrown  up  on  the  lower  side 
forming  a  slight  rampart ;  these  are  mostly  filled  up  now.  Then 
there  is  the  single  dike,  a  mound  (dike)  with  a  ditch  ;  and  frequently 
"  double  dikes,"  two  parallel  mounds  with  corresponding  ditches  ;  and 
in  several  places  three  mounds  ;  at  Garrowby  and  Millington  Lings 
four  mounds,  and  at  Huggate  no  less  than  five.  These  latter  will  be 
described  later  on. 
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The  above  entreuclimeiite  serve  to  cut  off  promontories  to  connect 
the  heads  of  dales,  or  else  to  fortify  the  water-parting,  occasionally  to 
afford  access  to  springs,  and  apparently  to  supply  lines  of  commuui- 
cation  with  the  coast  on  the  high  ground  ;  but,  as  a  rule,  they  do 
not  enclose  any  particular  area  as  a  foi-tified  post.  Fimber  is  au 
exception,  and  probably  Aldro,  and  one  or  two  other  points.  As  a 
rule  they  run  down  the  sides  of  dales,  but  do  not  cross  the  bottom. 
There  are,  however,  exceptions,  as  e.g.  the  double  dikes  at  Fimber. 
It  is  very  rare  for  an  entrenchment  to  be  carried  along  a  dale  bottom, 
but  there  are  a  few  instances,  as  at  Backdale,  pointing  for  Aldro. 

A  great  many  of  the  entrenchments  marked  on  the  map  were 
determined  by  the  Ordnance  Survey,  but  numerous  additions  have 
been  made  by  personal  observation  carried  on  for  the  last  twenty 
years.  Aft-er  the  inclosure  of  the  Wolds  at  the  beginning  of  the 
present  century,  the  land  was  brought  into  cultivation,  with  the 
result  that  many  of  the  old  entrenchments  were  destroyed  by  the 
plough.  The  site  of  such  may  still  be  traced  by  an  experienced  eye, 
though  the  process  of  identification  is  sometimes  slow.  For  instance, 
in  a  field  of  oats  just  before  liar  vest,  a  couple  of  parallel  green  hues 
may  be  seen,  whilst  all  the  rest  is  turning  brown.  The  surface  soil 
is  perhaps  perfectly  level,  no  sign  whatever  of  an  entrenchment.  One 
has  to  wait  four  years  before  taking  another  observation,  or,  if  cir- 
cumstances are  not  favourable,  perhaps  eight  or  twelve  years.  Then, 
if  the  green  lines  re-appear  in  identically  the  same  direction,  it  may 
be  confidently  asserted  that  the  greener  com  is  growing  in  the  filled- 
iip  ditches  of  an  old  entrenchment.  In  this  way  field  has  to  be  linked 
with  field  till  the  restoration  is  complete.  And  here  another  guide 
steps  in,  for  in  the  hedgerows  a  rounded  elevation  may  often  be  seen 
in  the  otherwise  level  outline  of  the  top  of  the  hedge.  When  the 
hedges  were  first  planted  at  the  inclosure  the  mounds  were  then  in 
existence,  and  the  hedges  ran  over  them.  All  has  been  ploughed 
level  since  in  the  open  field,  but  the  hedge  protects  the  portion  of 
mound  under  it,  and,  in  a  district  where  the  hedges  are  so  neatly 
trimmed  as  on  the  Wolds,  the  eye  can  readily  catch  the  rounded  line 
of  hummocks  in  one  hedgerow  after  another.  Again  in  turnip  fields, 
whit6  lines  of  chalk  may  occasionally  be  traced  marking  the  debris  of 
the  ploughed-down  dike  or  rampart. 
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By  a  reference  to  the  map  it  will  be  seen  that  there  are  three 
prominent  groups  of  entrenchments,  viz.,  at  Aldro,  Garrowby  Hill, 
and  Fimber  ;  whilst  three  long  lines  start  from  the  Western  brow  of 
the  Wolds,  and  are  continued  for  miles  in  the  direction  of  Flam- 
borough  The  eastern  extremities  of  two  of  these  are  figured  in  the 
map  of  Major-General  Pitt-Rivers,  one  tenuinating  above  Wold 
Newton,  the  other  above  Butterwick,  in  the  Great  Wold  Valley. 
The  western  extension  of  the  former  is  shown  in  the  map  (PL  I.) 
passing  tlux)ugh  Sledmere,  Fimber,  and  Fridaythorpe,  and  probably 
connecting  with  Garrowby  Hill ;  that  of  the  latter  is  continued  in 
its  westerly  course  from  above  Lutton  to  Burdale,  and  may  liave 
joined  on  to  Aldro.  A  third  line  not  alluded  to  by  the  General 
started  from  opposite  Millington,  and  was  carried  by  Huggate  Dikes 
to  Wetwang  ;  thence  to  the  monument  erected  to  the  late  Sir  Tatton 
Sykes,  and  on  by  Kilham  to  Bridlington.  All  three  lines  ai-e  moi*e 
or  less  connected  by  branch  dikes,  and  present  a  remarkable  net- 
work of  fortifications  such  as  can  hardly  be  found  in  any  other  part 
of  England.  I  use  the  word  "  fortification"  because  General  Pitt- 
Kivers,  looking  at  the  eastern  portion  of  them  with  the  eye  of  a 
soldier,  lias  pronounced  them  admirably  adapted  for  defence  against 
hostile  attack  from  the  North  West,  and  thinks  that  they  were  prin- 
cipaUy  constructed  for  that  purpose.  He  adds  that  in  the  part  which 
he  examined  he  "  found  no  well-defined  example  of  a  dike  whicli 
appeared  to  have  been  tlirown  up  as  a  defence  agaiiLst  the  ciist 
side."  In  the  western  portion  now  before  you  this  latter  statement 
can  hardly  be  sustained,  for  the  "  single  dike"  at  Fimber,  with  its 
ditch  outside,  is  clearly  a  defence  against  the  south  east.  The  same 
may  be  said  of  the  "  double  dike"  ninniug  past  the  monument  to 
Cowlam  Dale,  which  crosses  to  the  northern  side  of  a  lateral  dale,  and 
defends  an  approach  from  Driffield. 

At  first  sight  the  long  line  of  entrenchments  stretcliing  fi"om 
Millington  to  Wetwang,  and  again  from  Foxcover  to  AVetwang,  as 
also  from  Fimber  to  Sledmere  and  Fimber  to  Life  Hill,  seem  to  favour 
the  view  of  defence  from  the  Nortli  West ;  but  I  am  inclined  to 
think  that  the  nature  of  the  ground  had  a  great  deal  to  do  with  tlie 
position  of  the  entrenchments  in  these  localities,  for  the  northern  and 
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western  sides  of  the  dales  are  much  steeper  and  loftier  tlian  the 

opposite  sides,  which  gradually  slope  away,  and  the  impression  left 

on  my  mind  is  that  the  steeper  sides  were  fortified  as  a  defence 

against  an  enemy  advancing  up  the  dale  bottoms,  whether  from  east 

or  west.     In  every  case  the  defenders  would  have  the  advantage  of 

the  higher  ground.     If  this  view  is  correct  it  will  partly  account  for 

the  strong  position  at  Fimber,  which  guards  the  entrance  leading  up 

to  the  curiously  ramifying  dales  above,  whether  in  the  direction  of 

Thixendale  or  Sledmere,  and  also  for  the  entrenchments  which  cross 

the  dales  leading  up  to  Huggate,  and  Huggate  Dikes  from  the  east 

Fimber  appears  to  have  been  strongly  fortified  on  all  sides.    The 

area  .enclosed  is  about  one  mile  in  length  by  half  a  mile  in  bread tL 

A  plan,  with  sections  of  the  dikes,  was  published  by  the  Rev.  T. 

Wiltshire*  in  the  year  1862,  with  the  assistance  of  Mr.  R,  Mortimer, 

of  Fimber. 

Coming  now  to  Huggate  Dikes,  it  may  be  confidently  aflBrmed 

that  they  are,  with  the  exception  of  the  so-called  Djuies  Dike,  the 
most  remarkable  entrenchments  on  the  Wolds.  They  consist  of  five 
parallel  ramparts  running  across  the  table-land  or  water-parting  at 
the  head  of  two  dales,  one  of  which  slopes  eastward  to  Wetwang  and 
Driffield,  the  other  south  west  to  Millington  and  Pocklington.  From 
a  map  published  by  Dr,  Burton,  of  York,  in  1745,  it  is  clear  that 
they  then  existed  from  one  dalehead  to  the  other,  a  distance  of  half 
a  mile,  but  a  large  portion  has  since  been  ploughed  down,  though 
distinctly  visible  to  a  trained  eye.  The  part  which  still  remains 
intact  is  in  a  grass  field,  called  Huggate  Pasture,  forming  a  portion 
of  the  Rector's  glebe.  I  am  happy  to  be  able  to  state  that  the  pre- 
sent Rector,  tlie  Rev.  J.  R.  JoUey,  of  Her  Majesty's  household,  pro- 
poses to  take  steps  to  prevent  any  further  destruction  of  these 
interesting  antiquities.  The  length  of  the  existing  western  portion 
is  220  yards.  It  is  divided  into  two  parts  by  an  original  opening  or 
gangway  about  100  yards  from  the  west  end.  I  was  at  one  time  in 
doubt  whether  this  passage  had  not  been  cut  through  the  dikes  at 
some  later  date,  but  repeated  examination  of  the  ground  has  con- 
vinced me  tliat  the  ramparts  were  intentionally  terminated  at  this 
point,  so  as  to  admit  of  a  level  passage  through. 


*  Piooeedingi  Geologrioal  ABSOoiation,  1S62 
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The  dikes  are  not  strictly  parallel ;  they  are  somewhat  wider  at 
the  west  end  than  at  the  east,  and  are  only  approximately  straight. 
The  following  are  the  measured  distances  from  the  top  of  one  ridge 
to  the  top  of  the  next,  going  from  south  to  north  : — 

At  centre  of  West  end  ...  36  ft.  29  ft.  28  ft.  33  ft. 
East  „  ...29  ft.  27  ft.  25  ft.  32  ft. 
Counting  the  external  ditches  the  extreme  width  at  the  west  point  of 
measurement  is  193  ft.,  at  the  east  145  ft.  As  Dr.  Burton,  who 
made  careful  measurements  in  1745,  gives  the  width  as  219  ft.,  it  is 
possible  that  an  outside  rampart  existed  on  one  or  both  sides,  which 
has  since  been  destroyed  by  the  plough. 

The  two  dales,  whose  extremities  terminate  at  Huggate  Dikes, 
are  of  great  depth,  as  much  as  200  ft.,  and  the  sides  are  very  steep. 
The  high  ground  between  is  the  only  level  piece  on  the  Wolds  on 
this  line,  and  here  would  be  concentrated  any  hostile  attack  whether 
from  north  or  south.  Hence  the  great  strength  of  the  entrenchments 
at  this  point. 

Were  the  entrenclmients  on  the  AVolds  the  work  of  the  Britons 
or  of  the  Romans  ?  I  have  no  hesitation  in  saying  of  the  fonner  ; 
for  one  reason,  and  that  a  good  one,  that  there  is  not  a  straight  line 
amongst  the  whole  lot.  They  may  look  straight  on  paper,  but  not 
on  the  ground  itself.  Dr.  Burton,  in  1745,  spent  a  great  deal  of  time 
and  money  in  preparing  his  map.  It  embnices  the  district  round 
Millington,  because  he  was  persuaded  that  the  long  lost  Delgovitia,  a 
station  mentioned  in  the  itinerary  of  Antonine  as  lying  between  York 
and  Pnetorium,  was  at  Millington.  In  support  of  his  view  he  claims 
all  the  earthworks  at  (Jarrowby  and  Huggate  as  Roman  works,  and 
more  marvellous  still,  all  the  tumuli  as  Roman  ban-ows  !  The  tumuli 
are  without  exception  British,  Such  being  his  views  we  need  not  be 
surprised  at  finding  on  his  map  the  Huggate  Dikes,  half  a  mile  long, 
ruled  as  straight  and  exactly  parallel,  as  Euclid  could  desire  ;  whereas, 
as  a  matter  of  fact,  they  are  quite  the  reverse.  In  my  opinion  the 
Romans  attacked  the  hardy  Brigantes  of  the  Wolds  on  two  sides, 
from  York  and  from  Malton,  and  a  good  many  entrenchments  may 
have  been  constructed  by  the  natives  during  the  long-continued 
fighting  which  doubtless  went  on  then.     The  Romans  l\u\  the  best 
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of  it,  and  drove  their  roads  right  through  some  of  the  strongest  points 
of  vantage,  so  aa  the  better  to  keep  their  enemies  in  subjection.  Hence 
the  roads  from  Malton  to  Londesborough,  and  from  York  to  the 
coast,  which  cross  on  the  top  of  Garrowby  Hill.  Also  the  road  from 
Malton  to  Beverley,  which  crosses  the  said  road  from  York  to  the 
coast  at  Fimber,  This  junction  is  very  instructive.  The  York  road 
passed  through  the  centre  of  the  entrenched  camp,  and  made  for  the 
**  double  dikes"  at  the  eastern  side  ;  whilst  the  Malton  road  destroyed 
part  of  the  northern  "double  dikes,"  and  completely  severed  the 
eastern  extension.  The  three  roads  above  mentioned  all  bear  the 
name  of  High  Street.  The  ancient  British  road  from  York  to  the 
coast  also  ascended  Garrowby  Hill,  and  was  apparently  utilized  by 
the  Romans  as  far  as  within  two  or  three  miles  of  Fridaythorpe,  when 
the  roads  diverged,  the  Roman  road  passing  by  Sledmere  to  Brid- 
lington, the  British  track  passing  by  Holmfield  and  Wetwang  to  the 
Monument,  and  on  to  Kilham  and  Bridlington.  The  latter  seems  to 
have  been  protected  by  ramparts  a  great  part  of  the  way.  It  is 
interesting  to  note  that  this  ancient  track  forms  the  boundary  for 
every  parish  between  York  and  Bridlington.  I  do  not  mean  the 
present  green  lane,  because  that  only  dates  from  the  inclosure,  but 
the  line  of  entrenchments.  Just  to  give  one  example  there  is  a  long 
narrow  strip  between  the  green  lane  and  the  entrenchments  on  the 
Sledmere  side,  comprising  seven  acres,  but  this  strip  does  not  belong 
to  the  parish  of  Sledmere,  but  to  AVetwang.  A  similar  feature  may 
be  pointed  out  in  the  parishes  of  Garton  and  Kilham. 

It  does  not  appear  then  that  the  Romans  had  any  fixed  station 
in  the  area  of  my  map,  unless  it  be  Fimber.  It  is  just  possible  that 
after  subduing  the  district,  the  Romans  extended  the  old  British 
works  by  making  the  "  single  dike "  on  the  south  side,  known  as 
Croom  Dyke,  a  section  of  which  is  given  by  Mr.  Wiltshire.  The 
position  would  command  both  roads,  that  to  Malton  and  that  to 
York.  The  view  from  the  hill  top,  Fimber  Field,  is  most  extensive, 
especially  to  the  south  and  east.  In  this  ca.se  Fimber  may  be  the 
lost  Delgovitia,  as  already  suggested  by  Knox"  and  Phillips,t  *^s 
far  as  distances  are  concerned,  it  agrees  exactly  with  the  miles  given 


*  Eastern  Yorkshire.  f  Yorkshire, 


COLE  :  ANCIENT  EXTREKCHMBKTS  NEAR  WETWAUO.  51 

by  Antouiue,  and  repeated  by  Ilicliard  of  Cirencester,  where  Derventio 
is  given  as  VII  Roman  miles  from  York,  and  Delgovitia  XIII  from 
Derventio,  XXV  more  takes  one  to  Praetorium  on  the  Coast.  If  this 
was  the  route  at  all,*  I  have  little  doubt  that  Pnetorium  was  at 
Bridlington  Bay,  the  **  sinus  salutaris,"  "  portuosus  sinus,"  also 
"  Gabrantviconim  sinus."  The  Romans  would  never  risk  rounding 
the  rock-bound  coast  of  Flamborough  Head,  (Brigantium  Extrema), 
when  they  coidd  meet  with  such  a  capital  landing  place  and  shelter 
as  the  modern  Quay. 

*NoTE. — Considering  that  the  first  iter  of  Antonine  gives  a 
list  of  Roman  stations,  starting  from  Noi*thuraberland,  through 
Catterick  and  Aldborough  to  York,  and  thence  to  Pnctorium,  I  cannot 
myself  believe  that  this  military  way  turned  at  right  angles  to 
Bridlington  and  Filey,  but  think  it  must  have  maintained  a  southerly 
direction.  Still  it  could  not  go  at  first  directly  south  from  York,  for 
the  great  plain  south  of  York  was  probably  all  forest  and  more  or 
less  swampy,  and  crossed  by  several  tidal  rivers.  The  road  from 
Danum,  (Doncaster),  made  at  once  for  the  ridge  of  magnesian  lime- 
stone on  the  west  to  Tadcaster,  thence  to  York  by  another  ridge  at 
Bilborough.  That  from  York  to  Prietorium  might  reasonably  make 
for  the  Wolds,  by  the  ridge  running  by  Holtby  to  Garrowby  Hill, 
thence  southwards  through  Warter  and  Londesborough,  to  Brough  on 
the  Humber.  The  itinerar}'  of  Richard  agrees  with  that  of  Antonine, 
but  Richard  gives  some  further  particulars,  he  mentions  the  military 
road  from  Lincoln  to  the  Humber,  (ad  Ahum),  where,  he  says,  you 
cross  into  the  province  called  Maxima,  i.e.  Yorkshire.  The  distance 
from  the  point  of  embarkation  to  that  of  landing  or  rather  Petuaria, 
he  calls  VI  miles,  i.e.  somewhat  about  oj  English  miles.  The  swift 
tidal  current  might  easily  make  the  passage  longer  than  the  present 
measured  distance,  which  is  somewhat  less.  Anyhow,  Petuaria  can 
have  no  more  to  do  with  Beverley  than  Proitorium  with  Patrington. 
Richard  goes  on  to  say  that  the  distance  from  Petuaria  to  York  is 
46  Roman  miles,  which  agrees  with  the  fonner  statement  (the  words 
"  ut  supra  "  can  only  refer  to  iter  V),  that  the  distance  from  York  to 
Pnctorium  is  45  miles.  Hence  I  conclude  that  Petuaria  and  Prietorium 
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are  really  the  same  place,  namely,  Brougb,  aud  that  the  road  to  York 
passed  along  the  western  escarpment  of  the  Wolds  to  Garrowby, 
through  Londesboroiigh,  though  whether  Londesborough  is  the  site 
of  Delgovitia,  as  suggested  by  Drake,  or  MilHngton,  as  claimed  by 
Dr.  Burton,  or  Warter,  as  projwsed  by  Mr.  R.  Mortimer,  or  Market 
Weighton,  as  doubtfully  proposed  by  others,  I  do  not  pretend  to  say. 
The  following  is  a  list  of  some  modern  maps  bearing  on  the 
subject  of  the  paper  : — 
1745.     J.  Burton,  M.D. — A  Survey  of  the  Roman  AVorks  iu  York- 
shire where  the  ancient  town  of  Delgovitia  is  supposed 
to  have  stood. 
183G.     J.  AValkeu. — Ancient    military  remains    on  the   western 

promontory  of  the  AVolds. 
1846.     C.  Newton.— Map  of  British  and  Roman  Yorkshire. 
1852.     J.  AVrigut. — Britain  under  the  Romans,  from  **The  Celt, 

the  Roman,  and  the  Saxon." 
1852.     J.  Phillips. — The  territory  of  the  Brigantes,  from  **  York- 
shire." 
1855.     R.  Knox.— A  map  of  the  country  near  Scarbro*,  from  **Ea.st 

Yorkshire." 
1862.     Rev.  T.  AViltsiure.— Plan  and  sections  of  the  entrench- 
ments at  Fimber. 
1882.     Major-General  Pitt  Rivers. — Map  of  the  country  near 
Flamborough  Head,  showing  the  positions  of  the  Dikes. 
1886.    R.  Mortimer. — Restoration  of  ancient  entrenchment.s  on 
the  AVolds. 
The  following  are  the  itineraries  quoted: — 

Itinerary  of  Antoninus. 
Iter  1.     A  limite,  i.e.,  a  Vallo,  Pra?toria  usipie,     m.p.  clvi. 


A  Breminio 

Corstopitum 

Vindomora 

Vinovia 

Oataractoni 

Isurium 

Eburacum 


(High  Kochedir)  m.p.  xx. 

(Core/tester) 

(Ebckester) 

(  Bincheater  ) 

(Catterk'k) 

(Aldln/roifij/iJ 

(  York) 


m.p.  IX. 
m.p.  xix. 
m.p.  xxii. 
m.p.  x.xiv. 
m.p.  xvii. 
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Derventioue                      ? 

m.p.  vii. 

Delgovitia                          t 

m.p.  xiii. 

Pra?t^)rio                              / 

m.p.  XXV. 

Itinerary  of  Richard. 

V.     A  liniite  Pra'turiiiui  usc^ue 

Corstoplio 

m.p.  XX. 

Vindoinora 

m.p.  ix. 

Vindovio 

m.p.  xix.  ^ 

Cattaractoiii 

m.p.  xxii. 

Eboraco 

m.p.  xl. 

Derventioue 

m.p.  vii. 

Delgovicia 

m.p.  xiii. 

Prjeturio 

m.p,  XXV. 

xvii.     Ab  Aiiderida  [?]bonicuin]  usque, 

*•*                          ••*                         ^*                         ••* 
-,*                          ^,                         ^                          •,. 

••* 

Liudo                        (Li)icoln) 

m.p.  XXX. 

In  medio 

m.p.  XV. 

Ad  Abu  in                   (11  umber) 

m.p.  XV. 

e  traiisis  iu  Maxiuiaiu. 

Ad  Petuariaui 

m.p.  vi. 

Deiude  Eboraco,  ut  supra 

m.p.  xlvi. 

IE  MESOZOIC   ROCKS   OF   THE   NORTH-EAST   COAST   OF   IRELAND. 
BY   W.    J.    E.    BINNIE,    B.A.,   TRIN.    COLL.,   CAMBRIDGE. 

Hie  grandeur,  so  distinctive  of  the  scenery  of  this  coast,  is  due 
nature  of  the  materials  of  which  it  is  composed,  lliere  are 
who  have  heard  about  the  columnar  rocks  of  the  Giants* 
way,  but  few  know  that  it  is  not  so  much  on  the  ground  of 
sing  such  objects  of  interest  as  the  Causeway  or  Fair  Heail, 
bis  coast  kys  claim  to  be  one  of  peculiar  geological  interest. 
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Here,  in  oue  narrow  strip,  we  find  the  only  representatives  iu 
Ireland  of  those  Mesozoic  deposits,  which  occupy  such  a  broad 
expanse  of  country  in  England.  Whether  they  were  at  oue  time 
depositeil,  and  have  been  afterwards  removed  by  denudation,  or 
whether  the  geological  history  closed  for  Ireland  in  the  carboniferous 
period,  to  be  taken  up  again  in  the  tertiary,  must  ever  remain  a 
matter  of  doubt. 

While  the  north  coast  rejoices  in  the  presence  of  these  peculiar 
deposits,  it  is  also  characterised  by  the  absence  of  the  carboniferous 
limestone,  the  deposit  pur  excelkncey  of  which  the  rock  surface  of 
Ireland  is  composed.  The  deposits  before  mentioned,  are  invaluable 
in  proving  the  western  extension  of  their  English  equivalents,  and 
indicathig  by  their  texture  and  contents,  that  we  are  approaching 
the  limits  of  the  area  of  deposit.  Within  the  confines  of  the  limited 
area  under  consideration,  there  is  one  of  those  coal-fields,  which 
are  all  too  few  for  the  manufacturing  prosperity  of  Ireland,  for, 
though  the  carboniferous  limestone  occurs  in  Ireland  in  such  great 
force,  the  deposits  which  followed  it,  unless  protected  by  some  special 
agency,  have  been  everywhere  removed.  The  preservation  of  these 
exceptional  deposits  is  in  a  great  part  due  to  the  capping  of  the 
basalt,  to  which  the  distinctive  characters  of  the  scenery  of  the 
coast  are  due. 

The  coast  section  of  the  plateau  may  be  roughly  described  as 
occupying  two  sides  of  a  triangle,  starting  from  Belfast,  it  trends 
roughly  N.N.W.  as  far  as  Bengore  Head,  a  distance  of  40  miles, 
where  the  line  changes  to  W.S.W.,  and  stretches  in  this  direction  for 
about  25  miles  as  far  as  Dungiven.  The  outline  of  the  plateau  is 
veiy  irregular  and  broken,  it  is  above  the  500  feet  line  throughout 
its  entire  course,  except  where  it  is  broken  by  the  river  Bann  and 
other  smaller  streams  ;  occassionally  it  rises  into  mountain  peaks  of 
1,500  feet.  This  altitude  is  no  doubt  owing  to  the  basalt,  which 
everywhere  caps  the  older  formations,  thus  protecting  them.  Barrois 
describes  this  plane  as  resembling  a  miniature  Auvergne  where  the 
craters  have  been  removed  ;  he  describes  the  flow  as  rectangular,  the 
two  adjacent  sides  which  we  are  following,  being  those  from  Lough 
Foyle  to  Bengore  Head,  and  from  Bengore  Head  to  Belfast. 
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In  the  section  above  indicated  we  find  the  following  rocks 
exposed  from  above,  downwards  : — 

if)    Tertiary  Basalt. 

(0     Chalk. 

{d)    Upper  Greensand. 

(c)     Rhpctic  and  Lias. 

{h)     Trias. 

(a)    PaUeozoic  Rocks. 
We  see  from  this  table  that  between  the  Lias  and  Upper  Green- 
sand  there  is  a  great  break.     No  trace  of  the  Oolitic  Rocks,  Lower 
Greensand,  or  Gault  is  found. 

The  Palaeozoic  Rocks  consist  of  metamorphosed  Silurian  or  Cam- 
brian, Old  Red  Sandstone  and  Carboniferous  Sandstone,  with  Coal- 
measures  at  Ballycastle.  The  metamorphosed  rocks  mostly  consist 
of  hard,  red,  green,  grey  and  blue  slates  and  grits,  with  bands  of 
primary  limestone  ;  no  fossil  remains  have  yet  been  found,  llie 
Old  Red  Sandstone,  as  seen  near  Cushendal,  very  much  resembles 
the  English  type  of  that  colour. 

Tlie  Carboniferous  Sandstone  is  a  very  white  rough  freestone, 
and  is  used  for  building  purposes.  It  contains  carboniferous  fossils. 
The  coal-workings  under  Fair  Head  are  of  great  antiquity,  but  the 
coal  is  of  little  value.  There  is  an  interesting  account  of  their  first 
discover}'  in  the  Belfast  Field  Club  Guide  Book.  The  section  at 
Fair  Head  is  divided  into  three  series,  similar  to  those  occurring  in 
Ayrshire  : — 

1.  Edge  Coal  Series,  consisting  of  red  and  grey  Sandstones,  with 
seams  of  coal  and  ironstone. 

2 .  Limestone  Series,  consisting  of  Calcareous  Shale. 

3.  Cement  Stone  Group,  consisting  of  red  and  yellow  Sandstones, 
with  shale  and  quartzose  conglomerate  at  the  base. 

Here,  as  before  referred  to,  the  principal  feature  is  the  insignifi- 
cance of  the  development  of  the  limestone,  which  is  elsewhere  so  well 
represented  in  Ireland.  The  coal-field  runs  from  Fair  Head  to 
Ballycastle,  a  distance  of  some  six  miles,  and  the  section  is  well 
exposed  in  the  cliffs. 

The  Trias  consists  of  red  and  green  marls,  \mctious  to  the 
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touch,  sometimes  hardened  by  intrusive  dykes.  The  colouring  matter 
is  no  doubt  iron  in  the  form  of  sesquioxide  in  the  first  case.  These 
beds  contain  some  bands  of  common  salt,  which  is  mined  near 
Carrickfergus.  The  line  of  demarcation  between  the  red  and  green 
colour  is  very  sharp,  the  same  hand  specimens  being  parti-coloured. 
It  is  sometimes  very  difficult  to  distinguish  the  bluish-green  marls  from 
the  Lias  clay.  The  Trias  is  very  nearly  constant  throughout  the 
entire  length  of  the  section,  being  often  of  considerable  thickness. 

Tlie  Rlijetic  or  **  Avicula  contorta"  shales  underlie  the  Lias,  and 
are,  generally  speaking,  the  last  to  die  out.  Sections  luive  been 
examined  for  a  distance  of  twenty-four  miles,  from  Lisbum  to  White- 
heaxl.  The  bed  is  sometimes  only  one  or  two  inches  thick,  but  in  Colin 
Glen  it  is  nineteen  feet,  and  at  Waterloo  fifty  feet,  its  maximum 
development.  The  shales  are  often  very  much  liardened,  and  some- 
times contain  bands  of  argillaceous  limestone.  Portlock  long  ago 
drew  attention  to  the  fact  that  there  were  certain  strata  linking  the 
Liassic  and  Triassic  formations. 

Tate  gives  the  following  section  of  the  occurrence  of  these  beds 
in  Cave  Hill,  near  Belfast : — 

Dyke. 

-•"  -^   -K    -e. 


-A    +     +    s. 


:v/| 


1 .  Upper  Greensand. 

2.  Marly  SholeP,  S  ft.  10  ins. 

.'i.  MicaceouB  Sandptone,  2  ins. 

4.  Shales  with  *'  Cardinm  Rbajticum,"  1  ft. 

5.  Indurated  Sbulcs,  1  ft.  l\  in. 

The  following  fossils  serve  t^  indicate  the  age  of  those  bods 
Axinus  cloacinus.  Pacunopsis. 

Cardium  rhteticum,  Pecten  valonensis. 
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The  Lias  consists  of  the  usual  blue  clay,  stiflF  shales,  and  shelly, 
compact,  blue  or  argillaceous  limestones.  There  are  also  some  oolitic 
limestone  bands,  which  occur  at  Waterloo,  and  which  were  at  first 
considered  to  be  representatives  of  the  Oolites,  but  which  Mr,  Tate 
has  proved  to  be  Lias. 

The  Lias  is  not  constant,  but  is  found  in  various  patches  along 
the  coast.  It  does  not  appear  to  have  been  much  folded  before  the 
the  deposition  of  the  Greensand,  as  both  seem  to  dip  together  to  the 
same  extent.  The  junction  of  the  Greensand  and  Lias  is  rarely  or 
never  seen,  but  there  must  be  an  unconformity,  for  there  is  only  the 
lower  members  of  the  Jurassic  rocks ;  and  no  Oolites,  lower  Greensand, 
or  Gault. 

The  shales  are  indurated  at  Waterloo,  indicating  the  first  stage 
of  metamorphism,  they  are  changed  into  a  so-called  Homblendic 
rock  at  Portrush,  which  so  resembles  the  igneous  rocks,  that  for  a 
long  time  it  was  considered  as  such,  until  fossil  remains  were  found 
in  it.  It  was  then  contested  that  the  igneous  rocks  were  really  of 
aqueous  origin,  since  the  igneous  rocks  contained  impressions  of  marine 
organisms. 

The  Lias  is  altered  by  the  heating  action  due  to  the  basalt, 
and  the  various  dykes  which  penetrate  it.  At  Portrush  the  complete 
uiduration  is  due  to  the  basalt,  which  here  directly  overlies  the 
Lias  ;  this  may  be  taken  as  representing  the  ultimate  change. 

Mr.  Tate  has  described  the  occurrence  of  the  following  zones  in 
^ie  Lias  : — 

(^0  Ammonites  planorbis. 

r^^    Ammonites  angulatus. 
rO  „  Bucklandi. 

\^^^  Belemnites  acutus  (liigher  than  A.  Tumeri.) 
(O     Middle  Lias  Marls  (Ballintoy.) 

The  Lias  is  underlain  by  the  Avicula  contorta  shales  ;  he  gives 
^*^^^  following  sections,  which  serve  to  indicate  their  appearance  etc. 
^^     Vaterioo. 

^^')  Avicula  contorta  beds  are  here  a  mass  of  indurated  grey  or  brown 
marls ;  they  form  the  hill  known  as  Banks  Head,  wliere  they 
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have  a  thickness  of  fifty  feet,  from  which  he  computes  their 
actual  thickness  at  120  feet ;  they  dip  at  an  angle  of  27°. 

(b)  Transition  beds  being  white  marls  and  black  shales. 

(c)  Black  indurated  shales  with  A.  planorbis. 

(d)  Sub-chrystalline  fossiliferous  limestone  ^sith  A.  angulatiis. 

(e)  Compact  blue  argillaceous  limestone  with  Gryphaea  incurva, 
which  he  considers  to  represent  the  A.  Bucklandi  zone  of  England. 
It  is  exposed  near  the  coastguard  station. 

(/)  In  the  Belfast  Museum  are  a  few  fossils  which  have  been  collected 

here,  and  which  indicate  the  presence  of  the  Belemnites  acutus 

zone,  but  this  zone  is  generally  concealed. 

The  above  section  Mr,  Tate  considers  should  not  only  be  regarded 
as  tjrpical  for  Ireland  but  also  for  Great  Britain. 

The  angulatus  zone  which  Tate  considers  to  be  identical  with 
that  of  A.  mercurius  of  the  Cote  D*Or,  is  the  one  which  is  most 
largely  developed. 

The  planorbis  zone  occurs  at  Colin  Glen,  Wliitehead,  Glenarm, 
Waterloo,  etc. 

The  angulatus  zone  occurs  at  Lame  Lough,  Waterloo,  Glenarm, 
Tircriven  Bum,  etc. 

The  Bucklandi  zone  at  Waterloo,  Tircriven  Burn,  and  Glynn. 

The  Belemnites  acutus  zone  occurs  at  Ballintoy,  Waterloo,  and 
Carrickfergus.  This  zone  is  either  parallel  to,  or  newer  than  that  of 
A.  Tumeri. 

The  Middle  Lias  Marls  occur  at  Ballintoy.  It  will  be  seen 
from  the  above  that  only  the  Lower  Lias  is  developed. 

The  cretaceous  series  consists  of  upper  greensand  and  chalk 
limestone,  which  may  be  conveniently  sub-divided  as  follows  : — 

(a)  White  limestone. 

(b)  Chloritic  sandstones  and  sand,  called  "  Mullato  stone." 

(c)  Yellow  sandstones  and  marls. 

(d)  Glauconitic  marls. 

The  uppermost  portions  of  (b)  are  often  conglomeratic,  pebbles 
of  quartz  being  imbedded. 

The  Greensand  contains  many  quartz  pebbles,  and  some  few 
phosphatic  nodules,  but  never  in  sufficient  number  to  make  their 
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collection  profitable,  it  ako  contains  siliceous  nodules.  The  sand  is 
sometimes  quite  red,  sometimes  yellow,  and  sometimes  chloritic. 
When  green,  the  colour  is  due  to  the  presence  of  glauconite. 

The  Greensand  is  the  most  constant  of  the  Mesozoic  strata, 
having  been  found  nearly  everjrwhere  along  the  whole  line  of  section. 
Everywhere,  where  the  two  can  be  compared,  it  seems  to  follow 
the  dip  of  the  Lias.  It  is  sometimes  hardened  into  a  sandstone,  con- 
sisting of  the  Glauconite  and  quartz  grains  imbedded  in  a  cement  of 
Calcium  Carbonate,  probably  derived  from  the  chalk.  When  indu- 
rated by  an  intrusive  dyke  there  seems  to  be  no  chemical  change, 
but  merely  a  hardening. 

Mr.  Tate  considers  the  Hibcruian  Greensand  to  belong  to  the 
^tage  c^nomanien  of  D'Orbigny.    The  upper  part  of  the  formation  is 
very  intimately  associated  with  the  overlying  chalk.    Tate  gives  the 
following  typical  section  at  Woodburn  river  : — 
(a)  Glauconite  Sands.     These  are  dark  green,  consisting  of  Glau- 
conite, with  arenacious  grains  in  a  slightly  argillaceous  paste. 
This  is  the  most  persistent  of  the  sub-divisions  of  the  Upper 
Greensand.     The  fossil  contents  are  chiefly  confined  to  a  bed 
characterised  by  the  abundance  of  Exogyra  conica,  which  bed 
occupies  a  median  position  in  this  sub-division,  and  forms  a 
very  good  feature  by  means  of  which  this  sub-division  may  be 
traced.    There  are  a  few  phosphate  nodules  in  the  lower  bed. 
This  zone  has  yielded  thirty-six  species  mostly  obtained  from 
Whitehead  during  the  construction  of  the  railway.     A  few  of 
them  are  named  in  the  following  list : — 
Exogyra  conica.  Area  carinata. 

Pecten  orbicularis.  Belemnites  ultimus. 

„      Dutempleii.  Ammonites  varians. 

Avicula  lineata.  Pecten  virgatus. 

Pecten  quinquecostatus.       Ditrupa  deformis. 
(fe)  Grey  marls,  yellow  sandstones  and  chert.     These  contain  few 
species  and  are  limited  in  thickness ;  the  heading  gives  their 
character.     They  are  found  at  Woodburn  River,  Cave  Hill,  and 
Island  Magee.     Their  characteristic  fossils  are  :— ^ 

Ostrea  carinata.  Vermicularia  quinquecarinata. 
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Pecten  quinquecostatus.       Ditrupa  deformis. 

„       quadracostatus.         Microbacia  cardinia. 
Rhynchonella  latissima. 
(c)  Chloritic  sands  and  sandstones.     This  is  included  under  the 
head  of  what  has  been  termed  MuUato  stone,  owing  to  the 
fact  that  it   is  composed   of  partly   sand   and  partly    chalk. 
In  the   Woodbum  Section,   above   described,   there   is   some 
slight    evidence   of  an    unconformity    existing   between    this 
and    the  underlying  grey    marls.      These    beds   chiefly  con- 
sist of  siliceous  sands  in  a  calcareous  paste,  with  disseminated 
chloritic  grains,  more  and  more  compact  higher  in  the  series,  until 
they  finally  pass  up  into  limestone.     Mr.  Tate  takes  the  Anan- 
chytes  ovatus  bed  as  indicating  the  poiut  where  this  deposit  passes 
to  the  chalk,  but  the  passage  is  so  extremely  gradual  that  no 
lithological  line  can  be  drawn.     The  fossils  are  : — 
Inoceramus  crispi.  Spondylus  spinosus. 

Ostrea  semiplana.  Heteropora  cryptopera. 

Terebratula  obesa.  Catopygus  carinatus. 

„  carnea.  Serpula  filiformis. 

Rhynchonella  robusta.  Pleurotomaria  perspectiva. 

„  latissima.         Cidaris  vesicularis. 

Pecten  quinquecostatus.       Epiaster  distinctus. 
On  passing  to  the  west  from  Woodburn  river,   this  division 
becomes  a  siliceo-chloritic  sandstone.     These  are  the  most  fossiliferous 
sands,  they  are  exposed  at  Black  Mountain,  Colin  Glen,  &c. 

Mr.  Tate  describes  it  as  an  imperfectly  bedded,  white  limestone, 
with  splintry  fracture  and  layers  of  flints.  Beyond  Colin  Glen  to  the 
S.E.  it  rests  directly  on  the  red  marls.  Throughout  the  district  des- 
cribed it  is  capped  by  flints  imbedded  in  ochreous  clay.  These  flints  are 
bright  red  and  encrusted  with  calcareous  cement.  Tate  says  the  heat 
of  the  lava  has  oxidised  the  brown  oxide  of  iron  into  the  red  oxide. 
Jukes  does  not  agree  with  him  on  this  point,  though  Barrois  does. 
Jukes  describes  the  basalt  as  containing  lignite  and  iron  bands.  The 
flints,  when  broken,  exhibit  concretionary  structure,  var}'ing  from 
grey  to  red,  as  we  pass  from  the  centre  to  the  outside,  the  covering 
of  white  being  due  to  weathering  after  the  red  tints  occurred.  He 
describes  a  quarry  where  we  have  from  the  top  : — 
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(1)  Columnar  basalt. 

(2)  Clay  or  liguite. 

(3)  Flint  gravel,  overlying  the  chalk  with  grey  flints. 

The  workmen  obtain  stems  of  trees  from  the  lignite,  and  the 
lignite  contains  t5.8  per  cent,  of  volatile  and  combustible  matter. 
Jukes  says  : — *'  How,  if  the  basalt  did  not  bum  up  the  lignite,  did  it 
manage  to  redden  the  flints  which  underlie  it  ? "  Again,  he  says  that 
the  dykes  only  liarden  the  chalk  for  a  few  feet  on  either  side ;  the 
induration  of  the  chalk  is  not  due  to  the  basalt. 

The  chalk  bears  great  evidence  of  denudation,  (1)  in  the  hollows 
which  occur  at  the  top,  and  (2)  in  the  quantity  of  flints  which  fill 
these  hollows,  which  indicate  that  they  are  the  accumulation  derived 
from  a  great  deposit  of  chalk,  which  has  been  carried  away  by  water. 
They  have  also  a  very  variable  thickness,  the  deposit  being  100  feet 
thick  at  Whitehead,  and  only  a  few  feet  at  Colin  Glen,  while  it  is 
absent  altogether  in  Woodbum  river.  At  the  base  of  the  chalk  there 
is  a  glauconite  layer,  indicating  conditions  like  those  existing  when 
the  Greensand  was  deposited.  The  chalk  is  covered  generally  with 
dendritic  markings  of  Pyrolusite,  it  contains  also  some  phosphate 
nodules,  and  curiously  shaped  flints  called  Paramoudras,  similar  to 
those  found  in  England  in  the  Belemnitella  chalk. 

Barrois  says  that  in  microscopic  stnicture  and  chemical  com- 
position it  is  identical  with  that  of  England.  The  flints  contain  many 
minute  organisms,  sponge  spicules,  etc.,  forming  a  powder.  These 
have  been  carefully  examined  by  the  Belfast  Naturalists'  Field  Club. 

The  chalk  is  obtained  for  lime-burning,  the  basement  beds 
being  the  best,  as  the  lime  formed  from  them  sets  more  rapidly.  It 
splits  too  easily  along  the  planes  of  bedding  to  be  used  as  a  building 
stone.  The  clialk  is  nearly  constant  along  the  whole  line  of  coast, 
though  the  thickness  varies  immensely.  Near  Dungiven,  and  from 
thence  to  Down  Hill,  it  is  only  20  to  30  feet  thick.  In  Colin  Glen  it 
is  also  very  poorly  developed. 

The  chalk  seems  to  have  partaken  of  the  same  movements  as 
the  underlying  beds  down  to  the  Palajozoic  rocks,  in  fact  the  foldings 
all  seem  to  have  taken  place  in  Tertiary  times. 

Mr.  Tate  concludes  that  the  Irish  chalk  represents  a  high  stage  in 
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the  formation,  certainly  the  Norwich,  and  probably  even  the  Maes- 
tricht  or  yellow  chalk,  of  the  continent. 

He  divides  the  whole  chalk  into  two  divisions  : — 

(a)  Chloritic  Chalk,  the  basement  beds  being  represented   in  the 

East  by  the  bed  of  Ananchytes  ovatus  only. 

(b)  Upper  Chalk  also  described  as  white  limestone. 

Mr.  Tate  calls  his  (a)  Glauconitic  Sands  the  zone  of  Exogyra  couica 
or  E.  columba,  in  which  thirty-six  species  occur,  nineteen  of  which 
pass  up  into  higher  beds ;  this  he  calls  the  equivalent  of  the 
Blackdown  beds. 

(b)  The  yellow  sands  or  zone  of  Ostrea  carinata,  in  which  there  are 

nineteen  species,  eight  of  which  pass  up,  nine  being  present  for 
the  first  time,  he  calls  the  equivalent  of  the  Upper  Oreensaud  and 
C^nomanien  of  Normandy. 

(c)  The  Chloritic  Sands  or  zone  of  Inoceramus  crispi  contains  seventy- 

eight  species,  ten  of  which  occur  in  lower  zones,  nine  only 
extending  to  the  limestone.  This,  he  says,  is  the  equivalent  of 
the  Upper  Greensand. 

(d)  The  Upper  Chalk  he  divides  into  three  zones. 

(1)  Zone  of  Ananchytes  gibbus. 

(2)  Spongarian  zone. 

(3)  Ammonites  Gallevilliensis  zone. 

He  says  that  it  represents  the  upper  chalk  of  Norwich,  Craie  de 
Meudeu,  and  some  part  of  the  Maestricht  chalk. 

M.  Barrois  sums  up  in  his  paper  as  follows  : — 
(a)  The  Glauconitic  zone  of  Ostrea  conica  belongs  to  that  of  Pecteu 

asper  of  the  Warminster  beds.     It  is  very  like  the  Holaster 

nodulosus  of  the  N.  E.  of  France. 
(6)  The  yellow  sands  belong  to  that  of  Holaster  subglobosus. 
(c)  The  zone  above  this  is  Turonien. 

He  gives  the  following  list  of  the  fossils  occurring  in  the  Irish 

beds : — 

(MDomanien.    Tnromen.    Senonien. 

Terebratuliua  striata  ^  ^ 

Terebratula  Hiberuica         ^^  .^ 

,,         oDesa  ...         •••         jjt  oj 

,,         semiglobosa     ...         ...        i^,  ,]c  ^ 
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* 


* 


i'i 


C^ooxnanien.    Taronien.    Senonien. 
Rhynchonella  robusta  u, 

„         Cuvieri  

Spondylus  spinosus 
Cidaris  subvesicularis  * 
Ostrea  columba 
„    semiplaDa 

He  says  he  has  never  seen  in  Ireland  representatives  of  the 
Danien,  all  belong  to  the  Norwich  chalk.  The  chloritic  beds  he 
considers  to  be  of  the  micraster  age.  He  divides  the  chalk  proper 
into  two  zones.  (1)  Marsupites;  (2)  Belemnitella.  He  says  that 
the  fauna  and  characters  are  similar  to  those  of  their  English  equiva- 
lents. (2)  is  thirty  metres  thick  ;  (1)  is  4-5  metres. 
Comparison  of  the  English  and  Irish  Cretaceous. 
Ireland.  England. 

Metres. 
a.  White  Chalk  with  flintfl  20-30  ..    Belemnitella  mucronata 


France. 


h. 


tf 


tf 


(t 


...  I 


e.  GhloriUo  Chalk 


Sand 


4-  6...    Marsapites 

.  r  Micraster oorangainom     ...  >  Senonien. 

*'  ^         „       cortestitudlDarium ) 

/  Holaster  pianos      )  „ 

>  Tnronien. 


1-  6... 


•  •  •     ff 


e.  Yellow         ,, 
/.  Glauoonite  „ 


:;} 


C^nomanien. 


^  Terebratolina  gracilis 
1-10  ..  Holaster  sabglubosus 
2-  3...    Peoten  asper 

To  account  for  the  diflference  in  character  of  the  English  and 
Irish  faunas,  M.  Barrois  supposes  the  latter  to  have  been  deposited  in  a 
shallow  sea,  proved  by  the  glauconite  bed  and  variable  thickness. 

The  denudation  has  been  less  than  in  England,  only  the  upper 
beds  were  deposited,  which  were  protected  by  the  overlying  basalt, 
and  hence  have  a  greater  development  than  in  England. 

The  chalk  is  hardened  or  even  converted  into  marble  by  dykes. 

The  basalt  consists  of  augitic  lava  flows,  it  occurs  in  three 
different  forms,  1,  the  columnar ;  2,  the  spheroidal;  3,  the  amorphous. 

(1)  The  columnar  consists  of  an  aggregate  of  pillars,  which 
may  possess  any  number  of  sides  from  4  up  to  about  12.  They  have 
the  appearance  of  prismatic  crystals,  with  the  ends  rounded  into 
either  a  cup  or  a  hemisphere.  Each  pillar  consists  of  a  collection  of 
these  prisms,  each  standing  on  the  top  of  the  other,  the  faces  of  the 
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prisms  being  continuous,  so  that  when  viewed  from  a  distance,  the 
pillar  appears  to  consist  of  but  one  portion.  It  has  been  noticed 
that  when  there  is  a  joint,  the  cup  or  the  hemisphere  does  not  extend 
right  across  the  section  at  right  angles  to  the  prism,  but  that  there  is 
a  small  annulus  surrounding  the  cup  or  hemisphere,  which  extends  as 
a  plane  to  the  outside  of  the  prism.  Professor  James  Thompson,  of 
Belfast  has  explained  this  in  the  following  way  : — When  the  basalt 
cools,  it  expands  at  the  moment  of  solidification.  The  outside 
expands  first  and  throws  the  interior  into  a  state  of  tension  ;  the  part 
thus  thrown  into  tension  gives  way  and  forms  the  ball  and  cup.  The 
outside  of  the  pillar  begins  to  weather  until  the  basalt  is  of  such 
a  consistancy  that  on  any  slight  movement  the  narrow  rim  of  material 
still  connecting  the  two  joints  snaps,  and  thus  the  annulus  is  formed. 
There  seems  to  be  no  definite  rule  determining  the  occurrence  of  the 
cup  and  ball  of  the  joints. 

One  portion  included  between  two  joints  may  have  a  cup  at 
each  end,  a  ball  at  each  end,  or  a  cup  at  one  end  and  a  ball  at  the 
other.  In  the  pillars  there  seems  to  be  no  definite  law  connecting 
the  relative  position  of  these.  We  can  have  the  cup  of  one  portion 
uppermost,  and  a  ball  of  the  next  one  uppermost  and  so  on.  This 
follows  from  what  has  been  said  about  the  joints.  Neither  does  there 
seem  to  be  any  law  producing  similar  jointing  in  aggregates  of 
adjoining  pillars.  The  only  generalisation  which  seems  possible  to 
be  drawn  is  that,  on  examination  of  the  separate  flows,  we  find  that 
the  columnar  jointing  stops  short  some  feet  below  the  top  of  the 
floor,  not  taking  into  account  the  amount  of  basalt  which  may  have 
been  removed  before  the  next  outburst.  The  columnar  formation  has 
been  supposed  to  be  due  to  the  fact  that,  in  cooling,  the  basalt  splits 
up  into  globules,  each  of  which  is  surrounded  and  pressed  upon  by  a 
certain  number  of  others,  thus  giving  it  the  shape  of  a  many-sided 
prism.  This  theory  does  not  account  for  the  singular  coincidence  of 
so  many  joints  one  on  top  of  the  other. 

(2)  We  find  the  basalt  occurring  in  a  form,  which,  on  weathering, 
presents  the  appearance  of  an  aggregation  of  spheroids  cemented 
together  by  an  ochreous-looking  mud.  These  spheroids,  when  split 
open,  present  a  concretionary  appearance,  as  if  they  were  formed  of 
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sheet  within  sheet.  This  appearance  is  due  to  weathering  which  has 
proceeded  in  stages,  from  the  surface  towards  the  interior.  They  are 
often  of  a  rusty  colour,  coloured  by  the  hydrated  sesquioxide  of  iron. 

(3)  The  amorphous  form  is  simply  the  ordinary  form  of  basalt. 

The  basalt  occurs  in  rangas  one  above  the  other,  each  range 
lying  on  amygdaloidal  beds,  often  exhibiting  mde  lines  of  lamination 
or  stratification. 

Between  these  flows,  lignite  and  iron  ore  occurs,  the  lignite  repre- 
senting the  old  forests  which  sprang  up  again  and  again,  only  to  be 
devastated  by  the  next  flow.  There  appears  to  be  no  rule  connecting 
the  mode  in  which  each  consecutive  lava  flow  is  consolidated.  First, 
one  would  be  columnar,  the  next  might  be  also  columnar  or  spheroidal, 
or  amorphous,  and  so  on.  It  has  been  stated  that  this  great  volcanic 
oatpouriug  was  due  to  a  gigantic  fissure  eruption,  in  which  Mull 
participate,  there  has,  however,  not  been  one  volcanic  outburst,  but 
many.  As  a  rule  the  columns  are  either  vertical  or,  in  some  cases 
where  a  dyke  has  pierced  a  previous  outpouring,  radiating  at  right 
angles  to  the  dyke.     In  the  amygdaloidal  basalt  many  zeolites  occur. 

The  lignite,  which  occurs  in  the  basalt  is  of  little  use  as  fuel ; 
the  iron  ore,  however,  is  valuable,  containing  about  50  per  cent,  of 
oxide  of  iron,  and  a  sufficient  quantity  of  silicia  to  serve  as  a  flux,  in  fact, 
it  is  sent  to  Glasgow  to  serve  as  a  flux  for  other  iron.  It  is  due  to 
the  decomposition  of  the  basalt,  and  occurs  in  horizontal  sheets 
between  the  lava  flows.  It  is  now  worked  by  a  company  at  Larne,  and 
exported  in  large  quantities. 

The  basalt  forms  the  capping  of  the  whole  plateau  described, 
except  where  it  has  been  cut  by  the  rivers. 

In  some  cases  the  foldings  of  the  Mesozoic  rocks  are  before,  and 
in  other  cases  after  the  lava  ^   •« 

The  age  of  the  flows  ii  said  to  be  miocene,  as  witrsssed  by  the 

characters  of  the  plant  remains  discoveried  and  described  in  the  lignite 

beds  by  Mr.  Bailey  in  Ireland,  and  the  Duke  of  Argyle  in  Mull.    Mr. 

J.  S.  Gardner  refers  them  to  an  earlier  Tertiary  age.    How  far  the  flows 

were  confined  to  the  miocene  it  is  difficult  to  say,  for  they  certainly 

occurred  over  a  long  period  of  time,  for  there  are  sometimes  eight  or 

nine  flows  superimposed,  between  each  of  which  occurs  $^  bed  of 
0 
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lignite,  showing  that  between  each  flow  suflicient  time  elapsed  for 
vegetation  to  spring  up,  and  soil  to  accumulate  to  a  considerable 
depth. 

There  are  various  post-tertiary  deposits  along  this  coast  with 
which  we  are  not  at  present  concerned. 

The  appended  section  will  exhibit  more  clearly  than  a  long 
verbal  description  the  positibil  of  the  various  outcrops  of  the  beds, 
already  briefly  described  (the  section  is  diagramatic).  There  is  a 
fairly  continuous  outcrop  of  chalk  round  the  whole  plateau,  but  fossils 
are  generally  scarce  except  near  Dungiven,  to  be  mentioned  hereafter. 

At  Belfast  there  is  a  good  exposure  of  the  Lias  and  Grecnsand, 
about  three  miles  out,  along  the  Falls  Road  in  Colin  Glen.  From 
Belfast,  going  west,  there  is  the  Lias  and  Greensand,  near  Carrick- 
fergus,  in  the  stream  marked  Woodburn  river ;  then  follows,  still  going 
west.  Island  Magee  and  Waterloo,  the  former  by  far  the  best  fossil 
locality.  Trias,  Lias,  and  higher  beds  are  alternately  exposed  in  the 
shore  till  Cushendal  is  reached.  Then  follow  the  red  sandstones, 
resembling  the  Old  Red  Sandstone,  below  which  are  the  mica  slates, 
which  are  not  again  lost  till  we  pass  Fair  Head  (see  section)  ;  they 
are  there  capped  by  the  carboniferous  deposits  already  mentioned. 
Beyond  Ballintoy  there  are  the  only  representatives  of  the  Middle 
Lias,  a  synclinal  seems  to  have  carried  all,  except  the  basalt,  beneath 
the  sea,  to  re-appear  again  near  Portrush,  where  the  basalt  oversteps 
everytliing  till  it  lies  on  the  Lias,  which  it  has  converted  into  a  kind 
of  hornstone.  Beyond  Portrush  (not  shown  in  the  section)  the  outcrop 
bends,  and  the  newer  deposits  occur  at  a  very  high  level,  so  that  they 
are  only  exposed  on  the  top  of  lofty  mountains  such  as  Benbradagh. 

On  the  other  side  of  Lough  Foyle  are  the  mica  slates. 

While  on  a  geological  tour  round  the  north  coast  of  Ireland  last 
summer,  I  had  occasion  to  visit  a  quarry  at  Dungiven,  near  Newton 
Limarady,  situated  at  the  top  of  Benbradagh,  1200  feet  above  sea 
level.  Here  the  chalk  is  extremely  fossiliferous.  As  this  is  the  most 
westerly  exposure,  the  list  of  fossils  appended,  named  from  the 
collection  in  the  Woodwardian  Museum,  Cambridge,  may  be  of  some 
interest.  The  extreme  abundance  of  Baculites  seems  indicative  of 
a  very  high  zone  in  the  chalk,  but  the  fossils  found  are  not  all  such 


Proa.  Yopkah.  Qaol,  *  Polyt,  Soe.,  ' 


WATtRI.00-     CawWLOUCH      I  t4MH«SI 


vlS^^" 


Carmlouch  -  Fair  Hewo    (i^MiLts) 


FaIRHEWD-  PoHTWUSH       (I'hMll.ES) 


VERTICAL. SCALE    -        SOOfcET      =      i  Inch 
HORIZONTAL    -        -         11-MlLES     •      SIIhch 

SECTION   FROM  WATERLOO    TO    POHTRUSH.     N.E.lRtLRHQ. 
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as  would  occur  on  the  same  horizon.  The  sponges,  kindly  named  by 
Dr.  J.  G.  Hiude,  one  of  which  is  a  new  species,  are  also  very  abundant. 
As  a  rule  the  chalk  was  very  unfossiliferous,  so  that  the  rich  fauna 
found  here  is  most  noticeable.  All  the  above  specimens  w 
in  the  course  of  three-quarters  of  an  hour. 


Bbachiopoda. 
KiDgenia  limn 
RhjncboDelln  octoplicaCa 

tiAM  E  tXI  B  B  AN  CB I A  T  A. 

Pec  ten  uoaceuCricos 
Cardium  maillesaam  ? 

GAeTexopon.v. 

Plenrotonuiria  perBpeotiva 
Torbo     . ... 
EoetellarU 
TuniteUa  .. 
LiUotina  ... 

CRPItALOrODA. 

Nantilns  Inrigiitiit  .. 

Urg:illit<rtiADUB 
Hnmitee  anguatiu?  .. 
ScaphiCea. 

BacnlileH  aocepa?  ... 
Ammonitea  gBiliTiUioDHU 
BelemnitelU  macro  Data 

ECBISODEBMATA. 

CidariB 

DiKoidea  cjlindtica 

EcbiaooorjB  Tulgaris 


CtELCKTKXATA. 


BroxoiuA. 

Cceloptfohiam  Bguicoidea  ... 
Aphrocallyles  Bp«a.   hot. 
Ven%riealiU»  inf  nndibalif ormfi 
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A  MONOaRAPH  OF  TORKSHIRE  GARBONIFBROUS  AND  PERMUN  POLTZOA« 

PART  I.      BY  GEORGE  ROBERT  VINE. 


I. — Introduction. 

A  monograph  of  Yorkshire  Carboniferous  Polyzoa,  will  be, 
speaking  generally,  a  monograph  of  nearly  the  whole  of  British 
species.  There  are  a  few  forms  found  elsewhere,  which,  up  to  date, 
I  have  not  detected  in  my  Yorkshire  material,  but  when  we  consider 
that  only  a  few  samples  of  our  Yorkshire  shales  have  been,  as  yet, 
persistently  searched  for  the  more  minute  fossils,  we  need  not  be 
surprised  at  that.  Ordinary  fossil  collectors  in  the  Limestone  districts 
have  secured  many  examples  of  Fenestella  and  Polypora,  but  the 
great  mass  of  Carboniferous  Polyzoa  are  small,  and  apparently  insig- 
nificant, hence  it  is  only  those  who  study  microscopic  organisms  who 
are  brought  into  contact  with  the  fragments  found  in  shale  washings. 

If  the  whole  of  the  species,  however,  are  not  found  in  the  York- 
shire Limestones  and  Shales,  the  genera  are,  and  to  a  large  extent 
the  faciei  of  the  Yorkshire  species  are  peculiar,  and  thereby  merit 
special  recognition.  Certainly  on  this  head,  I  have  done  justice  to 
Yorkshire  examples  in  the  pages  of  this  Journal,  but  my  previous 
work  can  only  be  regarded  as  a  catalogue  of  the  species,  and  not  a 
monograph.  In  this  higher  sense  a  true  monograph  should  embrace 
all  previous  work,  and  the  description  of  the  forms  should  be  full  and 
complete  up  to  date,  and  the  ilhistrations,  superficial  and  structural, 
should  also  be  ample.  So  far  as  I  am  aware  no  attempt  has  yet  been 
made  to  give  to  the  scientific  world  a  monograph  of  British  Carbon- 
iferous forms,  and  it  is  only  just  recently  that  monographs  of  American 
Carboniferous  Polyzoa  are  being  brought  to  the  front  by  the  Patein- 
tologists  of  the  various  Geological  Surveys.  The  forthcoming  Report 
of  the  Geological  Survey  of  Illinois  will  contain  twenty-six  plates  of 
Carboniferous  Polyzoa  alone,  besides  seventeen  plates  of  Devonian 
and  Silurian  forms,  illustrative  of  species  found  in  the  varie<l  strata 
of  the  same  State.  Most  of  the  other  papers  which  Mr.  E.  0.  Ulrich 
will  refer  to  in  his  noble  work,  must  be  regarded  in  a  similar  light 
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with  our  own,  as  scattered  fragments  only,  descriptive  or  otherwise,  of 
a  great  and  widely  distributed  Carboniferous  fauna,  and  my  desire 
will  be  to  do  for  British  Polyzoa  what  the  late  lamented  Dr.  Davidson 
did  for  the  Brachiopoda,  to  furnish  a  full  and  reliable  account  of  all 
the  species  known  to  me  in  our  British  rocks,  but  for  the  present  I 
confine  myself  to  Carboniferous  and  Permian  Polyzoa. 

II. — Bibliographical  Refereuces  to  British  work  only. 
1809.  Martin,  W.  :  Petrefacta  Derbiencsea,  vol.  i.,  pi.  43-45. 
1829-36.  Phillips  :  Geology  of  Yorkshire.     Plate  and  Text. 
1841.      „      Palaeozoic  Fossils  of  Cornwall,  Devon  and  West  Somerset. 
1844.  M'Coy  :  Syn.  Carboniferous  Fossils  of  Ireland.     PL  and  Text. 
1854.       „      Brit.  PalcBozoic  Foss.  in  the  University  of  Cambridge. 
1843-54.  Morris,  Prof  John  :  Catalogue  of  British  Fossils ;  Division 

Bryozoa. 
1869.  Duncan  &  Jenkins  :  On  the  Genus  Palseocoryne.  Phil.  Trans. 

Roy.  Soc,  vol.  CLix.,  p.  693. 
1873.  Duncan,  P.  M.  :  On  the  Genus  Palaeocoryne  and  its  affinities. 

Quart.  Journ.  Geol.  Soc,  vol.  xxix.,  p.  412. 
1873.  Etheridge,  Robt.  Jun.  :   The  Genus  Carinella.     Geol.  Mag. 

Dec.  1.     Vol.  X.,  p.  433. 

1873.  „      Supplement :  "  Explanations"  and  Appendix  Sheet  23. 

Scotch  Geol.  Survey. 
1875.       „       Note :  Prov.  Genus  Carb.  Polyzoa.     Ann.  Mag.  Nat. 

Hist.,  vol.  XV.,  p.  43. 
1875.       „      Observations  on  Carb.  Polyzoa.    Proc.  Geol.  Assoc,  rv. 

No.  2. 

1874.  Young,  Prof.  &  J.  Young  :  Notes  on  the  Occurrence  of  Poly- 

pora  tuberculata  Prout.*    Geol.  Mag.  Dec.  ii.,  vol.  i., 
p.  300. 
1874.       „      On  a  New  Genus  Carb.  Polyzoa.    Ann.  Mag.  Nat.  Hist. 

8.  iv.,  vol.  xni.,  p.  335. 
1874.       „       New  Carb.  Polyzoa.    Quart.  Journ.  Geol.  Soc,  vol.  xxx , 

p.  681. 
1874.      „      On  PalflBOCoryne  and  other  Polyzoal  appendages.     Ibid, 

p.  684. 

♦  See  also  TianB.  Bdinb.  Geol.  Soo.  1874. 
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1875.  Young,  Prof.  &  J.  Young:  New  Carb.  Polyzoa.  Ann.  Mag.  Nat. 

Hist.  (4),  vol.  XV.,  p.  333. 

1876.  „      New  sp.  of  Glauconoiue  (Garb.)    Proc.  Nat.  Hist.  Soc.. 

Glasgow,  vol.  II.,  p.  325. 

1877.  „       New  sp.  Sulcoretepora.     Ibid,  vol.  iii.,  p.  166. 

1878.  „      Two  new  sp.  Garb.  Polyzoa.     Ibid,  vol.  in.,  p.  354. 
1877.  Young,  John  :    On  Fixing  Polyzoa ;   a  new  method.      Ibid, 

vol.  m.,  p.  207. 

1879.  „       Note,  on  Perfect  Condition  of  Gell  pores  of  Garb.  Polyz. 

&c.     Ibid.,  p.  211. 

1880.  „       Note,  Garb.  sp.  of  Glauconoiue.     Ibid,  p.  257. 

1881.  „       Note  on  the  Genus  Synocladia.    Ibid,  vol.  iv.,  p.  30. 

1882.  „       Remarks  on  Fenestella  plebeia,  &c.    Ibid,  vol.  iv.,  p.  182. 

1882.  „      Remarks  on  Geramopora  (Berenicea)  megastome.    Ann. 

Mag.  Nat.  Hist.  p.  427. 

1883.  „      On  the  identity  of  Geramopora  (Berenicea)  megastome 

with  Fistulipora  minor,  M'Goy.  Trans      Geol.  Soc. 
Glasgow. 
1887.       „      Notes  on  Gystodictyonidse  Uhnch.     Edinb.  Geol.  Soc.. 

vol.  v.,  p.  461. 

1876.  „      in  "  Armstrong  and  Robertson's  Gat,"  Western  Scot. 

Fossils  ;    Article  Polyzoa,  pp.  46  to  48.     Lists  of 
Garb.  sp. 

1877.  Vine  G.  R.  :  Chapters  on  Garb.  Polyzoa,  "Science  Gossip," 

pp.  108,  152,  220  and  271. 

1878.  „      The  Genus  Fenestella,  &c.     Ibid,  pp.  247  and  274. 

1879.  „      Physiological  Characters  of  Fenestella  and  Palaeocor}*De. 

Ibid,  pp.  50  and  225. 

1880.  „      Review  of  Fam.  Diastoporidaj.      Quart.  Jouni.  Geol. 

Soc,  vol.  XXXVI.,  p.  356. 
1«80-1.    „      First  Rep.  Brit.  Assoc.  Garb.   Polyzoa.     Brit.  Assoc. 

Rep.  1881. 

1882.  ,,       Notes  on  Garb.  Polyzoa,  North  Yorkshire.   Proc.  Yorks. 

Geol.  Soc,  vol.  VII.,  p.  331. 

1883.  ,,       Notes  on  Polyzoa  of  Yorkshire  and  Derbyshire.     Ibid, 

vol  VII.,  p.  161. 
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1883.  Vine,  G.  R.:  Newsp.  Carb.  Polyzoa.    Ibid,  vol.  vm.,  p.  61. 

1885.  „      Notes  on  Yoredale  Polyzoa,  North  Lancashire.     Ibid, 

vol.  IX.,  p.  1. 
1884-5.    „      Polyzoa  of  Northumberland  Shales.  "  Yorksh.  Natural- 
ist," pp.  61,  207  and  313. 

1887.  „      Polyzoa  of  the  Gayton  Boring.    Joum.  Northampton 

Soc.  Nat.  Hist. 

1888.  „       Notes  on  Classification  of  PalaBOZoic  Polyzoa.    Proc. 

Yorksh.  Geol.  Soc.,  vol.  xi.,  pt.  i.,  p.  20. 
1883-4.    „      (Pars.)  4th  Brit.  Assoc.  Rep.  Foss.  Polyzoa.   Rep.  1884. 
1862.  JukesJ.B.  ^Manual  of  Geology.  Partii.,p.  302,  Pal8eontolog3\ 
1881.  Etheridge  Robert :   Anniversary  Address  Geol.  Soc.     Quart. 
Joum.  Geol.  Soc.,  vol.  xxxvn,  p.  171. 

1878.  Waters  A.  W.  :  Remarks  on  some  Fenesteliidro.    Trans.  Geol. 

Soc.,  Manchester,  vol.  xiv. 
1881-5.  Morton' G.  H.  :  Carb.  Limest.,  Flintshire.     Proc.  Liverpool 

Geol.  Soc. 

1886.  „     The  above  Collected  and  privately  Printed. 

1877.  Nicholson  &  Etheridge,  Jun.  :  On  Carb.  sp.  Ascodictyon.  Ann. 

Mag.  Nat.  Hist.  S.  4,  vol.  xix.  p,  466. 
Baily,  W.  H.  :  Palaeozoic  Fossils,  Ireland,  series  of  illustra- 
tions, &c. 

1879.  Shrubsole,  G.  W.  :  Review  of  Brit.  Carb.  Fenestellidie.  Quart. 

Journ.  Geol.  Soc,  vol  xxxv.,  p.  276. 

1881.  ,        Further  Notes,  &c.,  Carb.  Fenestella.   Quart.  Joum. 

Geol.  Soc,  vol.  xxxvu.,  p.  178. 

1882.  „       Thamniscus,  Permian,  Carb.  and  Silurian.    Ibid,  vol 

xxxvm ,  pp.  341-346. 
1882.       „       New  sp.  Phyllopora;  Perm.  Limestone.  Ibid, pp.  347-349. 
1849.  King,  Professor  :  Monogr.  Permian  Fossils,  England.    In  which 

references  to  previous  work  will  be  found. 
1861.  Kirkby,  J.  W.  :  On  Permian  Rocks  of  South  Yorkshire.    Proc 

Quart.  Joum.  Geol.  Soc     "  Polyzoa,"  p.  337. 

1878.  Etheridge,  R.  Jun.  :]  Arctic  Palaeozoic  Polyzoa.    Quart.  Journ. 

Geol.  Soc     The  above  important  paper  was  compiled  by 
R  Etheridge,  Jun.,  and  is  taken  from  Manual  and  Instruc- 
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tions  for  the  Arctic  Expedition  in  1875.     In  it  the  student 
will  find  a  fair  record  of  Foreign  work  on   Carboniferous 
Polyzoa. 
Beside  the  above  separate  articles  there  are  brief  lists  of  Carboniferous 
Polyzoa  found  in  special  localities,  but  I  believe  I  have  included  in 
the  Bibliography  all  the  more  important  of  these,  or  will  do  so  in  the 
section  on  Distribution  after  the  descriptive  text.     Later  on  I  will 
complete  the  Bibliography  by  giving  a  resume  of  American  work  on 
Carboniferous  Bryozoa  when  the  details  come  to  hand. 
III.  — Terminology. 
I.  Zoarium,  (=  Polyzoarium).  The  composite  structure  formed  by 

repeated  gemmation. 
11.  Zooecium,  (=  Cell).     The  chamber  in  which  the  polypide  was 
lodged. 

(a)  Punctate,  Cell  wall  ornamentation.  (=^"  Punctate/*)  Busk 
and  Hincks. 

III.  Coenecium,  (^  Polypidom).  Common  dermal  system  of  Colony. 

IV.  Ectocyst,  (=  Ectoderm).         Outer  layer  of  Coenecium. 

(b)  Ectocystal  tubes.  Minute  tubes  which  penetrate  the  Ecto- 
cyst. 

(c)  Interectocystal  tubes.   Tubes  horizontal  to  Ectocyst. 
V.  Endocyst.   Inner  layer  of  Canecium. 

VI.  Funicular  opening.     Opening  at  the  base  of  the  Zooecia  for 

passage  of  Endosarc. 
VII.  Endosarchal  passages.  Openings  between  cell  and  cell. 
Vni.  Vesicula3.     Hollow,  loose,  or  vesicular  openings  in  the  inter- 
spaces. 

IX.  Gonocyst.  Inflation  of  surface  or  marginal  extension  of  Zoariuui. 

X.  Gonoecium.    A  modified  Zooecium  set  apart  for  reproductive 
functions. 

XL  Operculce.     =  Calcareous  "  closures"  (Waters),  superficial  or 
otherwise  by  means  of  which  the  cells  are  closed.  Function  ? 


Class  Polyzoa,  Busk  and  Hincks. 
=  Bryozoa  (part),  Ehrenberg ;  Bryozoa  (part)  of  American  authors. 
==  Bryozoa y^d^Qnovi]  Reuss;  Manzoni;  Roemer;  Waters;  Pergens,  etc. 
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Sub-order  Cryptostomata,  Vine. 
\2,  Cryptostomata.  Abstracts.     Proc.  Geol.  Soc.,  No.  424,  (June), 

p.  109. 
\2.       „       Geol.  Mag.,  Dec.  ii,  vol.  IX,  p.  308. 
53.       „      Fourth  Brit.  Assoc.  Rep.,  Foss.  Polyzoa,  p.  36  of  Report. 
14,       „      Quart.  Journ.  Geol.  Soc,  vol.  XL.,  p.  332,  (1882  paper 

abridged). 
i4.       „       "  Naturalist,"  Yorksh.,  p.  65,  et.  seq. 
^5.      „      Yoredale  Polyzoa.     Proc.   Yorksh,   Geol.   and   Polyt. 

Soc.,  vol.  IX.,  p.  21. 
38.  „  Classification  Palaeozoic  Polyzoa.  Ibid,  vol.  xl,  pp.  25 
and  32. 
Zocecia  tubular ;  slightly  sub-tubular  in  section,  or  occasionally 
fular.  Orifice  of  Zocecia  concealed  ;  the  true  cell  is  surmounted 
a  large  vestibule,  in  the  throat  of  which  is  the  restricted  Zocecial 
irture.     Opercuke  calcareous,  sometimes  perforated  in  the  centre. 

Family  Cystodictyonid^,  Ulrich. 
^2.  Arcanoporidae,  Vine.  Abstracts  and  Proc.  Geol,  Soc,  No.  424, 

p.  109.    (June). 
B2.      „      Geol.  Mag.  Dec.  ii,  vol.  ix.,  pp.  381-382.  (August). 
S3.      „      Fourth  Brit.  Assoc.  Rep.  Foss.  Polyz.,  p.  43  of  Report. 
34.      „       Yorksh.  "  Naturalist,"  p.  65.  Fam.  suppressed. 
B4.  Cystodictyonidae,  Ulrich.  Jour.  Cine  Soc.  Nat.  Hist,  vol.  vn., 

p.  34 
87.  „  Young.  Edin.  Geol.  Soc.  Jour.,  vol.  v.,  pt.  iii ,  p.  34. 
98.  Arcanoporidae,  Vine,  (History  of,)  Classification  Palaeozoic  Poly- 
zoa. Proc.  Yorksh.  Geol.  and  Polyt.  Soc,  vol.  XI,  pt.  i,  p.  27. 
I  have  already  given  the  history  of  Arcanoporidae  and  Arcano- 
^  in  the  paper  cited  above,  and  though  the  priority  of  my  names 
thus  established,  it  may  be  well  to  state  briefly  my  reasons  for 
^doning  them .  In  the  American  Carboniferous  rocks,  the  Polyzoa, 
^^h  not  perhaps  more  abundant  as  individuals,  are  more  largely 
^sentative  than  in  our  own,  and  to  me  it  would  be  a  positive 
^tion  to  have  two  names  for  one  and  the  same  group  of  organic 
cis.  My  desire  is  to  present  to  the  scientific  student  a  monograph 
t  shall  be  in  accord  with  the  latest  and  best  American  work,  and  I 
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know  full  well  that  in  Mr.  E.  0.  Ulrich  I  shall  find,  in  spite  of  diflFer- 
ences  of  opinion  on  minor  points,  a  co-worker  rather  than  a  mere 
disputant.  The  family  name  as  given  above,  and  the  generic  term 
Cystodictya  may  not  be  happy  terms  to  me,  seeing  that  I  accept  the 
Zooecium  and  its  character  generally,  as  the  basis  of  my  classificatioD, 
and  not  the  Zoarium,  but  as  I  hjive  been  obliged  to  depart  from  hard 
and  fast  lines  in  some  of  my  other  groupings,  it  may  be  as  well  to 
give  way  here. 

In  founding  the  family  name  Cystodictyonidse,  Mr.  Ulrich  has 
indicated  the  genera  that  may  be  conveniently  grouped  together. 
They  are  Cystodictya,  Ulrich  ;  Cosciniumj  Keyserling ;  Glyptopora, 
Ulrich  ;  (  =  Coscinium,  Prout) ;  Prismopora,  Hall ;  and  Emctino- 
para,  Meek  and  Worthern ;  and  he  suggests  that  probably  other 
genera  may  ultimately  be  included  iu  the  Family.  In  our  own  Car- 
boniferous Rocks  we  have  not  this  wealth  of  generic  forms,  and  in  all 
probability  only  the  following  will  find  a  resting-place  here. 

I.     Cystodictya  (Sulcoretepora)  parallela,  and  raricosta. 
II.     Goniocladia  cellulifera  Eth.  Jun. 

Genus  Cystodictya,  Ulrich. 
1829-36.  Flustra?  Phillips.   Gcol.  Yorkshire,  p.  200. 
1843-54.  Sulcoretopora  (pars)  Morris  and  D*Orbigny. 
1882-83,  Arcanopora,  Vine.    4th  Brit.  Assoc.  Rep.  Foss.  Polyzoa. 
1882-84.  Cystodictya,  Ulrich.     Jour.  Cincin.  Soc.  Nat.  Hist. 

Generic  character fi.  Zoaria  composed  of  two  layers  of  cells: 
branches  compressed,  dividing  dichotomously  or  at  right  angles, 
transverse  section  acutely  elliptical,  and  sub-parallel,  with  sharp,  non- 
poriferous  margins.  Zooecia  tubular  .(in  section),  superficially 
arranged  in  longitudinal  series,  from  three  to  seven  rows  in  the 
branch  ;  vestibular  apertures  round  or  oval,  occasionally  with  a 
crescentic  lip  on  the  lower  margin. 

I  have  diagnosed  the  above  genus  with  an  eye  to  British,  rather 
than  to  American  examples,  and  I  have  adopted  as  much  of  Mr. 
Ulrich's  description  as  would  apply  to  these  more  particularly.  The 
type  species  of  the  author  is  (7.  occellata  Ul.  Sub-Carboniferous  Rocks, 
Kentucky. 

I,  Cystodictya  pauallela,  Phillips.  PL  iii.,  figs.  1-13,  pi,  iv.,  figs. 
18-26. 
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1836.  Flustra?  parallela,  Phillips.     Geol.  of  Yorkshire,  p.  200,  pl.i., 

figs.  47,  48. 
1844.  Vincularia  parallela,  M'Coy.     Carb.  Foss.  Ireland. 
1854.  Sulcoretopora  parallela,  D'Orb.     Morris's  Cat.  Brit.  Foss. 
1880.  Ptilodictya  (?)  parallela,  Vine.    ( =  Stictopora  ?  Hall).     First 

Rep.  Brit.  Assoc.  Carb.  Polyzoa 

1883.  Arcanopora  parallela.  Vine.     Fourth  Brit.  Assoc.  Rep.  Foss. 

Polyzoa. 

1884.  Cystodictya  parallela,  Vine.     Naturalist,  Yorkshire,  p.  65. 
1884.       ,,      Vine.     Proc.  Yorkshire  Geol.  Soc,  vol.  ix.,  p.  26. 
1884.       „      Ulrich.  Jour.  Cincin.Soc  Nat.  Hist.,  pp.  36-38,  vol.  vn. 
1887-8.   „       Young.     Jour.  Edinb.  Geol.  Soc,  p.  402,  vol.  v,  pt.  iii. 

Specific  character's.  Zoaritun  calcareous,  composed  of  thin 
flattened  sub-parallel  brandies,  having  two  layers  of  cells,  but  with- 
out dividing  laminae.  Branches  linear,  occasionally  dichotomous, 
bearing  from  three  to  seven  rows  of  round  or  oval  vestibular  openings 
in  fiirrows  ;  each  row  separated  by  apparently  solid  bars,  excepting 
those  near  to  the  edges  of  the  fronds  or  branches  ;  margins  non- 
poriferous  and  striated.  Zoceciw  semitubular,  or  slightly  pyriform  in 
section,  but  rarely  exposed  superficially  ;  orifices  of  Zooecia  concealed  ; 
vestibular  openings  oval  or  round,  frequently  with  a  granulated 
peristome,  lower  edge  of  peristome  occasionally  crescentic  and  pro- 
duced ;  dividing  ridges  or  bars  also  granulated ;  three  of  these 
openings  occupy  the  space  of  about  l-20th  of  an  inch  in  length. 
Gonocysty  an  inflation  of  the  surface,  or  margins  of  the  Zoarium. 
Operculcc  (?) 

Distribution.  Yorkshire  :  Type  sp.,  Phillips,  Whitwell,  Hurst 
and  Richmond.  Derbyshire  :  Castletou.  North  Wales  :  Hall<en, 
(rare).  Lancashire  :  Holker  Park,  Gleaston.  Northumberland  : 
Redesdale,  Fourstones.  Scotland  :  Several  localities.  America : 
Sub-Carb.  Rocks.  (Ulrich;. 

This  peculiar  Carboniferous  Polyzoon  appears  to  me  to  be  a  sur- 
vival of  the  Stictoporidaj  group  so  prevalent,  as  individuals  at  least, 
in  the  early  Silurian  rocks  of  America.  Further  on  I  shall  give 
ample  illustrations  of  the  minute  external  and  internal  structural 
features  of  this  and  allied  forms. 
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Cystodictya  parallela  is  met  with  in  small  fragments  both  in 
Yorkshire  and  Derbyshire,  and  still  more  minute  fragments  in  Wales. 
In  Lancashire  and  Northumberland  the  examples  of  the  species  yaiy 
very  much,  and  I  have,  fragments  with  from  three  to  seven  rows  of 
zooecia  in  the  branch,  but  I  do  not  see  any  material  difierence  so  bi 
as  facial  or  structural  characters  are  concerned  in  any  of  the  British 
examples  of  the  species,  except  in  a  few  fragments  found  in  North 
Lancashire.     In  some  of  these  examples  there  are  wavy  instead  of 
straight  bars,  (Fig.  19,  p.  ii),  but  whether  they  should  be  placed  as  a 
variety  of  C,  parallela,  or  otherwise  my  material  is  not  abundant 
enough  to  decide.     In  Scotland  C.  parallela  "occurs  in  both  the 
eastern  and  western  districts  in  the  limestone  strata  of  our  coal-fields, 
but  chiefly  in  the  Lower  Limestone  shales.  At  Auchenskeock  quany, 
near  Dairy,  Ayrshire,  it  is  sometimes  met  with  in  linear  frt>nds  varying 
from  two  to  three  inches  in  length."*    Mr.  Young  makes  no  mention 
of  the  mode  (if  any)  of  branching  of  the  "linear  fronds,"  and 
Phillips  (Geol.  Yorks.  p.  200)  says  : — "  No  sign  of  ramification." 

Cystodictya  babicosta,  M'Coy. 
1844,  Vincularia  raricosta,  M'Coy.     Garb.  Foss.    Ireland,  p.   198, 

pi.  xxvii.,  f.  11. 
1854.  Sulcoretepora  raricosta,   M*Coy.     Morris's  Cat.   Brit  Foss. 

Specific  characters.  Elongate,  parallel  sides,  section  elliptical 
most  convex  on  the  porous  side  ;  poriferous  face  convex,  marked  with 
fine  sharp  parallel  keels,  enclosing  between  them  four  rows  of  pores. 
Pores  round,  or  slightly  oval,  with  permanent  margins  placed  twice 
their  diameter  apart,  but  irregularly  with  regard  to  each  other. 
Reverse  flattened,  faintly  marked  with  exceedingly  fine,  numerous, 
waving  striaj,  sides  indented  each  by  a  prominent  row  of  pores.  .  .  . 
The  species  is  distinguished  from  Cystodictya  (Flustra)  parallela 
Phillips,  by  having  pores  in  the  lateral  furrows. 

The  above  is  M'Coy's  description,  and  it  very  fairly  indicates 
the  superficial  characters  of  this  peculiar  form,  judging  frt>m  the 
Scotch  examples  supplied  to  me  by  Mr.  Young,  but  English  examples 
are  rare.  In  the  Yorkshire  shales  only  a  few  poor  compressed  frag- 
ments have,  as  yet,  been  found.    In  the  Lancashire  shales^  small, 

*  Jchn  Young,  (Bibliog.),  1SS7,  see  ante. 
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narrow  fragments  bearing  two,  three,  and  four  rows  of  cells  between 
parallel  bars,  are  more  frequent,  but  even  these  I  should  be  inclined 
to  place  as  younger  branches  of  (7.  paraUela^  rather  than  as  examples 
of  C.  raricasta. 

Distribution.  Ireland;  T3rpe species (M'Coy) Dungannon.  York- 
shire :  Hurst  (rare).  Lancashire  ?  Holker  Park.  Scotland,  in  many 
localities,  and  "  more  abundant  than  G.  parallela"  (J.  Young). 

Genus  Goniocladia  Eth.  Jun. 
1873.  Carinella,  Eth.  Jun.     Geol.  Mag.,  vol.  x,  p.  433,  pi  xv. 
1873.       „      Eth.  Jun.    Descriptive  Text,  Sheet  23.  Scotch  Geol. 

Survey. 
1876.  Goniocladia,  Eth.  Jun.  "  Carinella pre-occupied"    Geol.  Mag. 
Dec.  ii.,  vol.  ra.,  p.  522. 
Goniocladia  cellulifera,  Eth.  Jun..  pi.  iv.,  figs.  14-16. 

Generic  and  Specific  characters,  Zoarium  composed  of  angular 
irregularly  disposed  anastomising  branches,  strongly  carinated  on 
both  the  obverse  and  reverse  faces,  but  celluliferous  only  on  the 
former,  apparently  arising  from  a  common  root.  No  regular  distinc- 
tion into  interstices  and  dissepiments,  but  the  branches  bifurcate  and 
reunite  to  form  hexagonal,  pentagonal,  and  polygonal  interspaces  or 
fenestrules,  often  of  most  irregular  form.  On  either  side  the  keel  on 
the  celluliferous  or  obverse  face,  are  three,  sometimes  four  alternating 
rows  of  cell  apertures.  The  prominent  keel  follows  each  bifurcation 
of  the  angular  ramifications,  which  are  all  celluliferous,  no  separation 
into  interstices  and  dissepiments  being  apparent.  The  cell  apertures 
have  prominent  margins  ;  the  reverse  is  longitudinally  striate,  and 
the  keel  does  not  appear  to  be  quite  as  strong  as  on  the  obverse  face. 

Type  and  only  species  from  Carb.  beds,  Carluke,  Scotland. 
GoNOCYST,  pi.  iv.,  figs.  15  and  16. 

As  my  English  examples  of  this  species  are  poor  and  fragmentary, 
it  would  Be  folly  to  alter,  in  any  way,  the  diagnosis  of  Mr.  Robert 
JStheridge  as  given  above.  In  his  remarks  on  the  affinities  of  the 
Genus  (Bibliog.  ante,  1873,  p.  101),  the  author  says,  "  Carinella 
agrees  with  Polypora,  M'Coy,  in  always  having  more  than  two  rows 
of  cellules  on  the  celluliferous  aspect,  but  it  diflFers  from  Polypora  in 
possessing  a  keel,"    A  reference  to  the  Yorkshire  example  (fig.  17, 
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pi.  11.)  will  show  the  justness  of  this  remark.  There  is  a  close  affinity 
of  this  with  that  of  Hall's  Genus  Prismopora,  or  rather  with  the 
Carboniferous  species  found  in  the  Lower  Carboniferous  Rocks  of 
Kakaskia  and  Tateville.  U.  S.  Am.  In  the  Scotch  beds  the  size 
of  the  branches  vary  so  much,  that  certain  forms  may  be  conveniently 
characterised  as  a  variety  of  Etheridge's  more  delicate  species.  In 
the  Yorkshire  shales  there  is  a  still  greater  difference  when  fragments 
are  drawn  to  scale.  For  convenience,  therefore,  I  tliink  it  will  be 
best  to  give  a  varietal  name  to  one  of  the  Yorkshire  forms. 

GONIOCLADIA  CELLULIFERA,  Eth.  Jun. 

var,  robusta,  pi.  iv.,  fig.  17. 

The  fragments  of  this  variety  are  similar  to  the  above,  only  the 
branches  are  more  compressed,  robust,  and  the  distances  between  the 
Zooecial  apertures  greater.  In  pi.  ii.,  (fig.  14),  an  example  of  the 
more  delicate  species,  as  found  at  Hurst  is  given,  which  when  com- 
pared with  the  example,  (fig.  15),  from  Gare  Scotland  very  Uttle 
difference  is  observable  in  the  size  of  the  branches.  Fig.  17,  however, 
illustrates  the  robust  character  of  the  form  depicted.  AH  are  mag- 
nified about  30  times. 

Distribution,  Scotland  :  Type  sp.,  (Eth.  Jun.),  Braidwood  Car- 
luke. Tlie  species  is  found  in  several  other  localities.  Yorkshire: 
Hurst  and  Richmond,  forma  robusta.  Vine,  Hurst.  In  my  North- 
umberland and  North  Lancanshire  material  minute  fragments  haw 
been  detected,  but  are  very  rare,  and  besides  those  named  I  have  not 
found  it  in  any  other  English  locality. 

Minute  structures  of  Cystodictya  and  Goniocladia. 

In  dealing  with  the  minute  structures  of  our  British  Cystodic- 
TYOXLD^,  I  shall  depend,  more  particularly,  on  my  own  investigatioas, 
rather  than  on  those  of  others.  At  the  same  time  it  would  be 
unwise  as  well  as  unjust  to  the  authors,  if  I  did  not  refer  to  t'^o 
special  papers  on  the  same  subject.  In  founding  the  family  Mr. 
Ulrich  says  : — "  In  the  proposed  family  Cystodictyonidw  we  have  * 
combination  of  characters  not  occurring  in  any  other  group,  while  f^ 
the  other  h.and,  not  one  of  these  can  be  said  to  pertain  to  this  group 
alone,  nor  to  bo  especially  distinctive."*    After  going  over  the  detoib 

♦  Jourii.  Oin.  Soc.  Nat.  llifit.,  vol.  vii.,  p.  36,  1884. 
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of  structure  indicated  by  Mr.  Ulrich  in  his  American  examples  of 
the  Family  and  Genus,  Mr.  John  Young  remarks  (Bibliog.  1887. 
ante,  p.  464)  : — "  The  chief  character,  however,  that  distinguishes 
the  organisms  noticed  in  this  paper,  (Cystodictya  parallela  and 
rarico$t(t,  Goniocladia  celluli/era,  and  Hyphasmapora  BaskiiX  is  in 
their  having  the  interstitial  spaces  between  the  cells  filled  with  small 
vesicular  tissue,  or  curved  cells,  a  character  not  generally  known  to 
exist  amongst  undoubted  forms  of  the  Polyzoa." 

I.  Superficial  characters  of  Cystodictya  parallela,  Phillips,  sp. 
In  describing  the  above  species  I  have  already  referred  to  its 
facial  features.  Generally  speaking,  only  small  fragments  are  found 
in  the  Yorkshire  shales,  and  in  other  localities,  even  the  best,  it  is 
rare  to  find  examples  more  than  half-an-inch  in  length.  The  specimens 
given  by  Phillips  in  the  Geol.  of  Yorkshire,  are  of  fairish  dimensions, 
and  Mr.  Young,  as  already  quoted,  speaks  of  fragments  from  two  to 
three  inches  in  length.  In  pi.  ii.,  figs.  20  to  23,  I  have  depicted 
several  modes  of  branching  in  this  species,  from  fragments  in  my 
possession,  and  as  neither  Phillips  nor  Young  allude  to  "ramifications," 
these  will  be  so  far  interesting. 

II.  Zoarium  in  section.  I  have  already  directed  attention  to  the 
minute  structure  of  the  Zoarium  of  Stictopora  ?  (Ptilodictya)  lonsdalei\ 
Vine  1883-4,  Biblio.  ante.  p.  37,  and  furnished  ample  illustrations  of 
the  same.  In  dealing  with  the  structures  of  C.  paralleki  I  shall  work 
along  the  same  lines  but  with  rather  greater  fullness.  Whenever 
&ir  examples  of  this  species  are  sectioned,  we  find,  as  already  quoted 
a  most  peculiar  combination  of  characters,  both  in  the  cells  and 
^rium,  not  met  with  in  the  Silurian  Stictoporidae  group.  In  the 
fet  place  the  laminar  axis  in  Cystodictya  is  altogether  wanting,  or 
replaced  by  a  basal  attachment  of  cell  to  cell  in  a  zigzag  form,  both 
'^  the  transverse  (pi.  i.,  f.  12  and  13),  and  longitudinal  direction 
vP^-  i..  t  3).  In  Stictopora?  hnsdalia  the  so-called  "laminar  axis'*  is 
^f^ight  both  in  the  longitudinal  and  transverse  section.  The 
^bular"  cells,  also,  are  different  in  both  species,  and  these, 
*^P^iately,  may  be  regarded  as  characteristic  of  tlie  two  types  of  cell 
•^cture  in  some  of  the  allies  of  both  species  found  in  Carboniferous 
*J^d  Silurian  horizons,  in  this  country  and  in  America.     There  is, 
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however,  a  faint  similarity  in  the  bars,  and  also  in  sections  of  the 
margins  of  the  Zoaria,  but  beyond  this  there  is  no  noticeable  feature 
common  to  the  two  types.  In  the  transverse  section  of  C.  paralUa 
(tigs.  12,  13,  pi.  i,)  the  opposite  leaves  fit  into  one  another  V  shape, 
but  the  bases  of  the  cells  do  not  touch  the  neighbouring  cells,  for,  as 
indicated  in  the  sketch,  a  delicate  interspace  intervenes  between  them. 
These  spaces  it  will  be  convenient  to  call  "  Endosarcal  passages." 
The  position  which  the  superficial  bars  occupy  in  the  Zoarium  is  in 
a  line  with  the  cells.  The  bars  are,  below  a  certain  depth,  structure- 
less, and  it  appears  to  me  that  they  are  simply  a  calcification  of  the 
Ectocyst,  which,  as  in  recent  species  of  Polyzoa,  have  been  derived 
from  the  Endocyst  of  other  cells.  In  the  margins  of  the  Zoarium 
the  formation  of  the  newer  Zooecia  may  be  detected  in  all  stages  of 
development,  produced  by  repeated  gemmation,  and  I  believe  that  to 
a  large  extent  the  vesicular  character  of  the  interspaces  and  margins 
of  Cystodictya  are  really  sections  of  newer,  or  the  calcified  remains  of 
cells  in  process  of  formation.  If  so,  then  we  have  no  Coelenterati 
character  to  deal  with  in  these  older  Polyzoa,  but  rather  characten 
that  are  new  to  us  probably,  but  nevertheless  explainable  if  the  Ccene- 
cium  of  recent  species  of  Polyzoa  be  studied  and  compared.  On  this 
head,  however,  Mr.  Ulrich  very  justly  remarks,  "  Tangential  sections 
passing  through  the  '  immature*  region  of  the  Zoarium  show  that  the 
Zooecia  are  ranged  in  longitudinal  series  between  vertical  plates,  to 
one  of  which  (see  figs.  4,  5,  6,  pi.  i.)  they  are  latterally.  attached, 
while  the  intervening  spaces  are  occupied  by  irregularly  shaped 
smaller  cells.  Nearer  the  surface  the  latter  are  no  longer  to  be 
determined,  being  here  filled  by  a  secondary  deposit."*  In  trans- 
parent portions  of  recent  Flustr-a  and  Carbasea,  better  in  the  last- 
named,  the  coenecium  is  best  studied  on  the  margins  of  the  Zoarium, 
and  here  I  find,  that  though  newer  cells  are  in  processes  of  formation, 
by  gemmation  of  course,  in  none  of  the  partly-formed  ones  are  there 
any  indications  of  polypides  until  after  a  certain  stage  is  passed.  In 
the  growing  branches  of  Zoohotrrjon  pelliicida  Ehrenb.  the  coenecium 
may  be  studied  far  more  advantiigeously,  if  the  specimens  be  mounted 
in  glycerine,  and  the  action  of  the  Endocyst,  in  the  fonnation  of  buds 

*  Jour.  Cincin.  Spo.  Nat.  Hist.  1884  (op.  cit.)  pp.  36-30. 
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and  Jiooids,  conveniently  traced.  And  I  infer  from  these  studies, 
without  going  into  special  details,  that  similar  actions  took  place  in 
the  formal  development  of  the  Zooecium,  the  polypide,  and  the  colony 
of  the  species  of  Polyzoa  found  in  our  Palaeozoic  Rocks.  Mr.  Hincks, 
speaking  of  the  "  specific  functions"  of  the  Endocyst,  after  quoting 
JoHet's  views  says  that  the  French  biologist  *'  regards  the  Endocyst 
as  specially  charged  with  the  enlargement  of  the  colony,  and  also  as 
giving  origin  t^  a  distinct  tissue,  which  he  names  (provisionally)  the 

Endo^trc "  •'     I  do  not  say  that  I  have  read  aright  all  the 

characters  in  these  Palroozoic  forms,  but  I  have  endeavoured,  both  by 
descriptions  and  illustrations,  to  help  others  in  the  pleasant,  but  by 
no  weans,  easy  work,  of  tracing  out  and  identifying  fossil  calcareous 
structures. 

Gonocysts.  So  far  as  I  am  aware,  this  is  the  first  time  that  the 
reproductive  cells  of  Palteozoic  Polyzoa  have  been  figured,  or  I  believe 
referred  to  specifically.  In  his  Introduction  to  his  British  Marine 
Polyzoa  (pp.  ii.  and  iii.),  Mr.  Hincks  furnishes  a  very  fair  and  some- 
what fiill  chapter  on  "Tenninology.**  In  the  introductory  part  of 
the  present  p^per,.!  have  adopted  parts  of  this  chapter  for  working 
purposes.  As  regards  the  ovarian  cells  of  the  Cheilostomata,  much 
detailed  information  may  be  found  in  two  papers  by  Mr.  Hincks,t 
and  a  rather  full  list  given  of  species  in  which  the  ovicells  can  be 
conveniently  studied.  But  in  the  above  work  the  Ooecium  (=  ovicells 
auctt),  is  defined  as  a  "special  receptical,  attached  to  the  Zooecium, 
in  which  the  ova  complete  their  development  into  the  larva,"  but  "  the 
direct  passage  of  the  ova  into  the  Ooecium  has  not  been  witnessed, 
nor  have  we,  I  believe,  any  observatioas  showing  by  what  means  it  is 
effected,"  (Op.  cit.,  p.  xciii.)  As  regards  the  history  of  the  Gonocysts 
and  Gomecium  we  know  but  little,  but  their  full  definitions  as  given  by 
Mr.  Hincks,  will  be  useful  in  the  present  division  of  my  subject,  so  I 
.shall  not  scruple  in  (quoting  them  here.  The  Gonocyst  is  defined  as 
an  inflation  of  the  Zoarium  in  which  embryos  are  developed,  while 
the  Gonocium  is  a  modified  Zooecium  only,  set  aside  for  reproductive 

*  Brit  Marine  Polyzoa.    Introdaction  p.  zii 
t  Note  on  Ovioells,  &o.,  Qoart.  Joorn.  Micro.  See,  1S61;  and  on  "  Germ 

Gapsnlee,*  Ibid,  n.a.,  vol.  xiii 
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functions.  In  Crhia  we  have  good  examples  of  the  latter,  while  iu 
the  inflated  surfaces  of  Hornera  we  have  examples  of  the  Gonocyst. 
In  Idmonea,  but  very  few  species  have  been  referred  t^  or  described 
having  Gonocysts,  but  in  several  species  of  Diastopora,  both  fossil  aud 
recent  the  modified  cells  are  common.  "  The  Gonocyst  has  only  been 
noticed  in  certain  Cyclostoniatous  genera,  it  is  probably  only  a  modi- 
fication of  the  Gonoecium.  Of  the  history  of  these  structures, 
however,  we  know  little,  they  remain  to  stimulate  and  reward  furtier 
research."* 

I  am  not  certain  whether  I  should  call  all  the  structures  now  to 
be  referred  to,  Gonocysts,  but  after  quoting  the  above  passage  from 
Mr.  Ilincks,  the  student  will  he  furnished  with  an  anthoritatire 
opinion  concerning  them.  In  plate  iii.,  figs.  10  and  11,  I  have  giveu 
an  example,  unique  in  some  respects,  of  a  Gonocyst  of  C^stodict^ 
jxtmlleluj  Phill.,  or  what  I  regard  as  such.  In  fig.  10,  a  portion  of 
the  Zoarium  is  enlarged  for  the  purpose  of  showing  its  exact  position 
on  the  side  or  margin  of  the  frond.  The  same  is  enlarged  about  60 
diameters  in  fig.  11,  aud  drawn  with  camera  lucida,  by  which  means 
details  of  structure  are  also  given.  Originally  the  Gonocyst  appeareil 
that  is  before  it  was  sectioned,  as  a  roundish  tubercle  on  the  edge, 
partly  covering  a  portion  of  the  striated  margin  of  the  specimen. 
In  the  section,  which  has  been  carefully  worked  so  as  to  get  near  the 
centre,  the  Gonocyst  appears  to  have  been  formed  under  the  ectoc}*st 
of  the  Coenecium,  and  consists  of  a  vesiculate  chamber  having  a 
nearly  circular  opening.  On  the  inner  side  it  is  attached  to,  and 
forms  part  of  the  marginal  vesiculate  edge,  while  just  beyond  it  are 
the  oblong  bases  of  the  cells  up  to  the  first  bar.  In  plate  iv,  tij,'?. 
15  and  16,  the  Gonocyst  of  Goniocladla  celUdifem,  Eth.  Jun.,  b 
given  by  way  of  comparison.  The  structure  is  of  a  similar  chank'ter 
with  that  of  C  jKirallela,  but  the  difference  is  sufficiently  noticeable 
to  indicate  that  we  are  dealing  with  different  species,  but  tlie  family 
likeness  is  at  once  apparent.  In  plate  iv.,  figs.  18  and  20,  there  are 
two  examples  of  Gonocysts  given,  one  figured  aud  enlarged  about  30 
times,  as  a  rather  long  excrescence  on  the  margin,  having  a  small 
orifice  towards  the  toj)  (f.  IS),  while  in  the  other  (f.  26),  we  ap]>ear 

*  Brit.  Mar.  Polj-zoa,  p.  xcvi. 
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to  have  a  true  gonecium,  rather  than  gonocyst,  formed  in  the  angle 
of  a  dichotomised  branch  of  Cystodictya  parallela,  I  have  two  or 
three  other  examples  of  this  form  of  Gonoecium,  but  the  specimens 
are  very  rare,  und  what  I  have  got  are  pickings  from  hundreds  of 
firagments. 

In  figures  24  and  25  two  characteristic  examples  of  "  growths  " 
on  the  Zoaria  of  Ct/stodictf/a  pnrallela  are  given.  In  figure  25  the 
growth  arisen  from  the  middle  of  the  Zoarium  and  is  drawn  slightly 
sideways,  and  not  artistically  on  the  flat,  for  the  purpose  of  showing 
its  relation  to  the  Zoarium.  I  have  other  examples  of  a  similar 
growth  to  this  one,  and  one  fragment  of  Cy8todictya  from  which  the 
**  excrescence"  has  been  broken,  and  a  shallow  pit  is  all  that  is  left  on 
the  Zoarium  to  indicate  its  former  place.  In  a  section,  however,  of  a 
similar  broken  base  (fig.  27)  small  vesicular  openings  mark  the 
character  of  the  bases  of  the  excrescence.  In  fig.  24  the  excrescence 
is  marginal  and  of  the  character  shown.  I  am  not  certain,  however, 
that  I  should  be  justified  in  calling  these  Gonocysts,  but  in  a  certain 
sense  they  are  reproductive,  for  from  some,  if  not  from  all  these 
excrescences,  newer  branches  originate.  Various  excrescences  are 
found  in  the  Wenlock  Shales,  adherent  to  Polyzoa  and  corals  alike, 
and  Mr.  Ulrich  has  found  and  described  species  somewliat  similar  to 
our  own,  in  the  Lower  Silurian  Rocks  of  America.  These  American 
forms  are  distingushed by  the  generic  term  Orateripofa,  Ul.,"  and 
ilr.  Ulrich  describes  several  species,  and  remarks  as  follows  : — *'  This 
genus  includes  several  species,  which  occur  in  circular  or  expanded 
forms,  presenting  a  minutely  striated  or  pitted  surface.  Although  I 
have  examined  a  large  number  of  good  specimens,  many  of  which 
were  cut  for  examination  with  the  microscope,  we  are  not  altogether 
certain  that  the  genus  should  be  referred  to  the  sponges.  It  possesses 
characters  entirely  peculiar,  and  probably  is  a  true  Palaeozoic  tj^pe." 
That  this  may  be  the  ultimate  destination  of  some  of  the  "  excres- 
cences" I  have  but  little  doubt,  while  others  I  can  only  regard  as 
basal  colonial  growth  of  similar  or  dissimilar  species. 

A  reference  to  plate  iv.,  figs.  14  to  17,  mil  be  sufficient  to  prove 
that  though  the  Zoarium  of  Goniocladia  is  diflFerent  from  that  of 
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functions.  In  Crisia  we  have  good  examples  of  the  latter,  while  in 
the  inflated  surfaces  of  Horne^'a  we  have  examples  of  the  Gonocyst. 
In  Idmonea,  but  very  few  species  have  been  referred  to  or  described 
having  Gonocysts,  but  in  several  species  of  Diastopora,  both  fossil  and 
recent  the  modified  cells  are  common.  "  The  Gonocyst  has  only  been 
noticed  in  certain  Cyclostomatous  genera,  it  is  probably  only  a  modi- 
fication of  tlie  Goncecium.  Of  the  history  of  these  structures, 
however,  we  know  little,  they  remain  to  stimulate  and  reward  further 
research.'** 

I  am  not  certain  whether  I  should  call  all  the  structures  now  t-o 
be  referred  to,  Gonocysts,  but  after  quoting  the  above  passage  from 
Mr.  Hincks,  the  student  will  be  furnished  with  an  authoritative 
opinion  concerning  them.  In  plate  iii.,  figs.  10  and  11,  I  have  given 
an  example,  unique  in  some  respects,  of  a  Gonocyst  of  Cystodictya 
paralleUi,  Phill.,  or  what  I  regard  as  such.  In  fig.  10,  a  portion  of 
the  Zoarium  is  enlarged  for  the  purpose  of  showing  its  exact  position 
on  the  side  or  margin  of  the  frond.  The  same  is  enlarged  about  60 
diameters  in  fig.  11,  and  drawn  with  camera  lucida,  by  which  means 
details  of  structure  are  also  given.  Originally  the  Gonocyst  appeared, 
that  is  before  it  was  sectioned,  as  a  roundish  tubercle  on  the  edge, 
partly  covering  a  portion  of  the  striated  margin  of  the  specimen. 
In  the  section,  which  has  been  carefully  worked  so  as  to  get  near  the 
centre,  the  Gonocyst  appears  to  have  been  formed  under  the  ectocyst 
of  the  Coenecium,  and  consists  of  a  vesiculate  chamber  having  a 
nearly  circular  opening.  On  the  inner  side  it  is  attached  to,  and 
forms  part  of  tlie  marginal  vesiculate  edge,  while  just  beyond  it  are 
the  oblong  bases  of  the  cells  up  to  the  first  bar.  In  plate  iv,  figs. 
15  and  16,  the  Gonocyst  of  Goniocludia  ceUuUfern,  Eth.  Jun.,  is 
given  by  way  of  comparison.  The  structure  is  of  a  similar  character 
with  that  of  G.  parallela,  but  the  difference  is  sufficiently  noticeable 
to  indicate  that  we  are  dealing  with  different  species,  but  the  family 
likeness  is  at  once  apparent.  In  plate  iv.,  figs.  18  and  26,  there  are 
two  examples  of  Gonocysts  given,  one  figured  and  enlarged  about  80 
times,  as  a  rather  long  excrescence  on  the  margin,  having  a  small 
orifice  towards  the  top  (f.  18),  while  in  the  other  (f.  26),  we  appear 
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to  have  a  tnie  gonecium,  rather  than  gonocyst,  formed  in  the  angle 
of  a  dichotomised  branch  of  CyModictya  paraUela.  I  have  two  or 
three  other  examples  of  this  fonn  of  Gonoecium,  but  the  specimens 
are  very  rare,  »ind  what  I  have  got  are  pickings  from  hundreds  of 
fragments. 

In  figures  24  and  25  two  cliaracteristic  examples  of  "  growths  ** 
on  the  Zoaria  of  Cystodictya  pnrallela  are  given.  In  figure  25  the 
growth  arises  from  the  middle  of  the  Zoarium  and  is  drawn  slightly 
sideways,  and  not  artistically  on  the  flat,  for  the  purpose  of  showing 
its  relation  to  the  Zoarium.  I  have  other  examples  of  a  similar 
growth  to  this  one,  and  one  fragment  of  Cystodictya  from  which  the 
'*  excrescence"  has  been  broken,  and  a  shallow  pit  is  all  that  is  left  on 
the  Zoarium  to  indicate  its  former  place.  In  a  section,  however,  of  a 
similar  broken  base  (fig.  27)  small  vesicular  openings  mark  the 
cliaracter  of  the  bases  of  the  excrescence.  In  fig.  24  the  excrescence 
is  mai^nal  and  of  the  character  shown.  I  am  not  certain,  however, 
that  I  should  be  justified  in  calling  these  Gonocysts,  but  in  a  certain 
sense  they  are  reproductive,  for  from  some,  if  not  from  all  these 
excrescences,  newer  branches  originate.  Various  excrescences  are 
found  in  the  Wenlock  Shales,  adherent  to  Polyzoa  and  corals  alike, 
and  Mr.  Ulrich  has  found  and  described  species  somewliat  similar  to 
onr  own,  in  the  Lower  Silurian  Rocks  of  America.  These  American 
forms  are  distingushed  by  the  generic  term  Craterijx^ra,  Ul.,"  and 
Mr.  Ulrich  describes  several  species,  and  remarks  as  follows  : — *'  This 
genus  includes  several  species,  which  occur  in  circular  or  expanded 
forms,  presenting  a  minutely  striated  or  pitted  surface.  Although  I 
liave  examined  a  large  number  of  good  specimens,  many  of  which 
were  cut  for  examination  with  the  microscope,  we  are  not  altogether 
certain  that  the  genus  should  be  referred  to  the  sponges.  It  possesses 
characters  entirely  peculiar,  and  probably  is  a  true  Palaeozoic  type." 
That  this  may  be  the  ultimate  destination  of  some  of  the  "  excres- 
cences" I  have  but  little  doubt,  while  others  I  can  only  regard  as 
basal  colonial  growth  of  similar  or  dissimilar  species. 

A  reference  to  plate  iv.,  figs.  14  to  17,  will  be  sufficient  to  prove 
that  though  the  Zoarium  of  Goniocladia  is  different  from  that  of 
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Cystodictyay  yet  in  the  minute  structures  of  the  two,  similar  charac- 
teristic features  prevail,  such  as  vesiculaj  between  the  cells  and  on 
the  margins.  In  comparing  these  structures,  however,  with  true 
Goelenterate  tissues  I  do  not  think  that  a  similarity  between  them 
can  be  sustained  ;  yet  at  the  same  time  I  shall  be  happy  to  learn  what 
the  future  opinions  of  others  may  be  who  take  an  op^wsite  view. 

Explanation  of  Plates. 
Plate  III. 
Fig.  1 .  Fragment  of  Cystodictya  parallela,  from  Castleton,  Derbyshire. 
Fig.  2.  The  same  enlarged,  showing  superficial  arrangements  of  Zoof- 

cia  in  the  branch,  irregularly  placed. 
Fig.  3.  Semi-transparent  longitudinal  section  of  Yorkshire  example, 

showing  peculiar  zig-zag  character  of  axis. 
Fig.  4.  Opaque  section  in  which  the  edges  of  the  Zooecia  are  attached 

to  the  bar,  right-hand  side  of  branch. 
Fig.  5.  Transparent  section  enlarged  about  60  dia.     In  this  specimen 

the  interspaces  between  the  two  cells  are  vesiculate,   and 

the  bars  are  seen  to  be  triplicate.     Inner  part  of  the  cells 

filled  with  calcareous  matter. 
Fig.  6.  Two  marginal  Zooecia,  (right  hand),  in  which  the  granulate 

character  of  the  bars  and  cells  are  shown.     Opaque,  en- 
larged about  40  times. 
Fig.  7.  A  single  cell  showing  pear-like  character  of  the  aperture  with 

vesiculate  interspaces.    Transparent  mag.  about  40  times. 
Fig.  8.  Opaque  ;  outline  of  aperture  of  top  cell  in  fig.  5  before  it  was 

sectioned. 
Fig.  9.  Transparent  section  showing  the  dense  edge  and  the  vesicula 

of  the  inner  portion  of  the  margin   up  to  the  first  bar. 

Magnified  about  50  times. 
Fig.  10.  Section  (Hairmyres,  Scotland),  showing  the  position  and 

general  character  of  the  Gonocyst,  in  relation  to  the  other 

portion  of  the  branch. 
Fig.  11.  Gonocyst  and  vesiculate  margin,  with  oblong  outlines  of  the 

bases  of  the  three  cells    within  the  first  bar  of  fig.  10. 

Magnified  about  60  times.     Drawn  with  camera  lucida. 
Fig.  12.  Yorkshire  example,  transverse  section,  showing  the  general 
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character  of  the  cell  division  of  the  leaves  on  either  side 
of  the  branch  of  typical  Cystodictya  (Flustra  ?)  parallela, 
Phill.    Mag.  about  80  times. 
Fig.  13.  Section  of  another  example  not  quite  so  transparent  as  above. 

Plate  IV. 

Fig.  14.  Goniocladia  cellulifera,  Etheridge,  Jun.     One  of  the  smaller 

examples  of  the  species,  Yorkshire  ;  opaque  but  cut  through 

from  the  revei'se  side  in  a  line  with  the  axis.     Magnified 

about  30  times. 

Fig.  15.  An  example  from  Gare,  (reverse  side),  jiot  so  deeply  cut  as 

the  above,  with  rounded  Gonocyst     Mag.  about  30  diams. 
Fig.  16.  Gonocyst  of  No.  15  example,  enlarged  about  60  times. 
Fig.  17.  G.  cellulifei'a  forma  robusta,  Yorkshire.    Flattened  example 
magnified  about   30  times,   but  slightly  restored    on  the 
right  hand  margin.     This  is  a  true  Goniocladia,  otherwise 
the  figure  may  be  mistaken  for  a  Polypora,  as  the  Zoecia 
on  the  opposite  side  are  similar  to  those  shown  in  the  figure. 
Reverse  compressed.  Keel  very  faint, 
fig.  18.  Yorkshire  example  of  C,  jxtrallelay  showing  marginal  Gono- 
cyst ;  opaque  view.     As  the  example  is  unique,  I  am  rather 
doubtful  about  its  internal  character.     It  differs  from  Scotch 
examples  in  some  respects. 

"ig.  19.  Cystodictya    paralleUxy    or  variety    of   same,    from   North 
Lancashire,  in  which  the  bars  are  wavy  and  finely  tuberculated. 

^  i^.  20-23.  Examples  of  C.  paralleki  from  different  localities  to  show 
mode  of  branching. 

Pig.  24-25.  See  text. 

^ig,  26.  Gonocyst  in  the  angle  of  the  branches.     North  Lancashire. 

^ig.  27.  Basal  markings,  see  text  on  the  Coenecium  of  C.  parallela. 
The  two  shaded  parts  are  cells  of  the  species  to  which  the 
excrescence  was  attached. 
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ON  THE  RECENT  EXPLORATION  OF  A  CAVE  AT  ELBOLTUN,  NEAR  THoKPK. 

BY  REV.  EDWARD  JONES. 

The  Craven  Naturalists*  Scxriety,  in  the  ardency  of  youth,  were 
desirous  to  add  their  quota  of  research  into  caves.  We  felt  we  knew 
but  little,  and  that  some  practical  investigation  would  help  us,  and 
perhaps  be  of  use  to  more  leained  and  experienced  societies.  Some 
of  us,  in  rambling  for  fossils  in  the  neighbourhood  of  Thorpe,  heanl 
of  the  existence  of  this  Cave  at  Elbolton.  It  seems  to  have  been 
often  visited  by  the  young  farmers  in  the  neighbourhood  ;  they  call 
it  **  Knavvy  Noddle  Hole."  Whitaker,  in  liis  History  of  Craven, 
states  that  he  went  into  a  Cave  near  Thoii)e,  called  Knave  Hole  Cavo, 
and  that  there  was  a  trailition  that  at  one  time  it  was  a  robbers'  retreat. 
During  Easter-week  a  few  of  the  membei-s  of  the  Craven  Naturalists' 
Society  made  a  special  visit  to  Thori)e  to  find  this  Cave. 

Skirting  the  slopes  of  the  gi*it  moorland  of  llylstone,  'JMiorpe. 
and  Burnsall  Fells,  there  are  a  series  of  peculiar  conical  limestone 
hills,  of  which  Elbolton,  near  to  the  hamlet  of  Thori)e,  is  one  of  the 
most  prominent.  The  entrance  of  Knave  Hole  is  at  the  foot  of  a 
small  seal*  on  the  south  side  of  Elbolton,  about  100  feet  from  the 
summit.  The  present  entrance  is  a  pit-like  mouth,  and  a  ladder  is 
required  to  make  the  descent  in  safety  ;  the  floor  of  the  first  chamber 
being  about  20  feet  below  the  mouth  ;  tliis  chamber  is  about  30  feet 
long,  and  varying  from  7  feet  to  13  feet  in  width  ;  and  with  a  height 
of  nearly  40  feet  at  its  further  extremity.  Here  it  narrows,  and  after 
a  steep  ascent  of  18  feet,  the  cave  continues  in  a  narrow  but  lofty 
passage  for  36  feet  further.  In  this  passage  there  is  a  perpendicular 
hole  12  feet  in  depth,  and  from  the  bottom  of  which,  by  a  very  low 
passage  another  small  chamber  is  reached  ;  none  of  our  party  how- 
ever went  into  this  further  cave.  In  comparison  with  Dowkabottoni 
and  Clapham,  Elbolton  Cave  appeai-s  to  be  small.  The  few  stalactites, 
that  within  recent  years  hung  from  the  top  or  adorned  the  sides,  have 
been  removed.     The  sides  are  damp,  and  covered  with  a  beautiful 
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white  iucni  station  of  carbonate  of  lime,  more  or  less  stalactitic,  in 
some  places  soft,  in  others  hard  and  crystalline.  In  the  narrow  upper 
passage  there  is  a  mass  of  stitf  tenacious  clay  containing  a  quantity 
of  angular  particles  of  limestone  and  sand.  At  present  there  is  no 
stream  of  water  passing  through  the  cave,  though,  after  heavy  rain- 
falls, water  comes  freely  from  the  roof.  It  is  evident  that  there  are 
other  openings  to  the  cave  as  the  roof  must  be  near  the  surface,  and 
there  are  two  or  three  small  pot-holes  in  the  direction  of  the  cave. 

The  floor  of  the  first  chamber  consists  of  angular  pieces  of  lime- 
stone, both  large  and  small,  together  with  stalactites  interspersed 
with  a  small  amount  of  clay.     It  is  evident  they  have  fallen  from  the 
roof  and  not  been  carried  hither.  We  have  not  ascertained  the  thick- 
ness of  this  deposit.    We  think  it  will  be  at  least  eight  feet.    We 
pierced  into  this  floor  at  a  spot  about  ten  feet  from  the  entrance, 
and  during  the  four  visits  we  have  made  to  the  caves,  an  experimental 
trench  across  the  chamber  has  been  dug  to  the  depth  of  about  five 
feet.     The  character  of  this  upper  cave  earth  still  continues  the  same  ; 
the  stones  are  all  loose,  though  some  of  them  arc  larger  and  freer  from 
flay  than  the  surface  ones.     So  far  we  have  found  no  rolled  pebbles 
or  foreign  stones  ;  what  seemed  to  be  such  have  turned  out  when 
washed  to  be  the  curved  parts  of  fallen  Stalactites  or  Limestone 
Fossil  Shells.     In  order  to  provide  a  zone  between  the  undisturbed 
groimd  and  the  material  thrown  out  of  the  trench,  we  placed  news- 
i>apers  on  the  floor  upon  which  we  piled  the  stuff  from  the  trench. 
From  the  beginning  the  bones  of  animals  were  interspersed  in  the 
^^bm.     Prof.  Miall  kindly  determined  a  few  bones  and  teeth  I  sent 
iim  after  our  first  visit.     Our  collection  of  remains  has  since  vastly 
^cumulated,  and  we  have  had  no  opi)oftunity  of  ascertaining  fully 
^lieir  character. 

Human  remains  of  one  or  more  individuals  have  been  found  at 
^^u?h  visit.  Last  Wednesday,  (Aug.  22nd,  1888),  the  lower  jaw  of 
^*^  adult  was  exhumed,  it  is  evident  death  has  not  been  recent,  as  the 
st.rong  and  massive  jaw  has  been  sufiiciently  long  in  the  ground  to 
^8orb  much  calcareous  matter  ;  it  is  now  much  heavier  than  a  recent 
^Ue  would  be.  The  upper  jaw,  with  portions  of  the  skull,  were  found 
^>»i  the  following  Monday. 
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The  exploration  so  far  is  but  a  preliminary  one ;  we  thought  it 
desirable  to  get  to  the  base  of  tlie  upper  cave-earth  by  cutting  this 
trench,  and  as  we  have  not  reached  that  point,  our  report  must  be 
very  incomplete;  the  deposit  is  geologically  a  recent  one.  The 
probability  of  coming  to  pre-glacial  deposits  with  remains  of  older 
cave  fauna,  the  cave  bear,  the  mammoth  and  their  associates  is  remote. 
Yet,  there  may  be  a  possibility  that  those  may  have  been  entrappe<i 
and  preserved  even  here,  if  this  cave  was  an  open  one  at  that 
early  period. 

So  far  the  exploration  has  been  interesting,  even  in  its  negative 
results ;  we  are  unable  to  state  that  the  cave  was  ever  inhabited .  by 
man,  and  until  yesterday  I  despaired  of  finding  human  workmanship. 
No  celts  or  flints  came  to  hand,  not  even  a  bare  bodkin,  I  was  going 
to  say,  when  a  loosened  stone  revealed  two  bone  instruments  that  could 
have  been  used  as  bodkins  :  as  to  their  true  character,  I  leave  that 
to  those  better  infonncd.  On  carefully  washing  my  treasures  yesterday 
morning  I  found  I  had  three  pieces  of  early  pottery,  their  inner  sides 
are  rough  and  black  but  the  outer  sides  are  smoother  and  brown, 
with  ornamentation  of  diagonal  lines  intersecting  one  another.  On 
the  first  visit,  what  seemed  to  be  charred  bones  were  found :  they 
were  put  into  a  parcel,  but  the  parcel  was  lost  in  the  cave,  and  the 
fact  of  the  bones  being  really  charred  cannot  be  ascertained. 

Most  likely  the  pots  are  portions  of  cooking  vessels  and  a  fucther 
search  may  bring  to  light  the  cooking-place,  together  with  the  usual 
pot  boilers.  Bones  are  scattered  throughout  the  mass,  most  of  them 
having  been  broken  by  fragments  of  roof  falling  on  them,  and  some 
by  man  or  ravenous  beasts. 

The  list  of  the  animals  found  in  the  trench  is  a  tolerably  large 
one,  and  subject  to  emendations  and  additions  when  the  bones  and 
teeth  are  properly  examined,  I  offer  the  following  as  the  list  of 
animal  remains  obtained  from  Elbolton  Cave  : — Man,  horse,  ox,  sheep, 
dog,  fox,  badger,  pig,  wild  boar,  red  deer,  rat,  water  rat,  mc^use, 
shrew,  and  three  species  of  birds. 

The  thanks  of  the  Craven  Naturalists  are  specially  due  to  Mr. 
Kelsall,  the  owner  of  the  land,   for  permission  to  enter  thereon- 
and  explore  the  cave. 
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Since  this  paper  was  read,  the  following  interesting  letter  has 
been  received  from  Mr.  Jones  : — 

RocKViLLE,  Embsay,  October  '29th,  1888, 
Dear  Mr,  Davis, 

Since  I  wrote  last  to  you  I  have  visited  the  Cave  on  Elbolton 

two  or  three  times.    Once  I  went  with  Messrs.  Hartley  and  Wilkinson, 

in  an  endeavour  to  explore  the  further  chambers,  and  to  take  photo- 

graph.s  of  the  interior.     With  great  difficulty  Mr.  Hartley  got  into  a 

small  chamber  at  the  bottom  of  the  hole  in  the  long  passage,  but 

further  progress  was  barred  by   debris.       The  photographs   were 

failures. 

Then  1  had  two  miners  with  me  for  two  days,  working  at  the 

trench.     The  work  was  very  difficult,  and  after  reaching  9  feet  from 

the  old  level  we  had  to  discontinue  as  we  had  nowhere  to  dispose  of 

our  material.     We  w^ere  still  in  similar  stuflf  as  at  first,  composed  of 

augular  fragments  of  limestone,  pieces  of  stalactites  most  likely  fallen 

from  the  roof,  interspersed  with  bones,  but  no  signs  of  a  bottom,  nor 

^^f  rolled  boulders  or  gravel.     The  next  step  that  I  think  we  shall 

''«ve  to  take  will  be  a  thorough  clearing  out  of  the  cave,  by  means 

"^  buckets  and  a  roller  at  the  mouth  of  tlie  cave.     The  material  can 

h  more  carefully  examined  at  the  surface  than  in  the  cave.     The 

"'^ds  have  been  so  far  very  interesting.     We  have  proofs  of  a  number 

^^  persons  having  died  or  been  buried  here.     I  have  a  large  quantity 

^^  **Uman  remains,  including  three  right  femurs,  which  indicate  three 

'^^'viduals.     From  negative  testimony  I  think  the  bones  are  very 

^''>    «is  we  have  not  found  any  object  of  metal,  either  ornament  or 

^^i  «      'Die  only  things  that  have  yet  turned  up  are  the  pieces  of  pot. 

All 

^^f  nide  workmanship,  with  two  or  three  simi>le  patterns,  and  the 

^^  bodkins  that  you  saw  at  your  last  visit.     At  the  lowest  point 

^^t:.    we  have  reached  we  found  a  quantity  of  charcoal,  with  some 

^'^^^Tred  bones  and  the  skull  of  a  little  bird  ;  at  this  level  the  stones 

*^  "^-lie  sides  of  the  cave  were  cemented  with  stalagmite.     In  working 

to^-^r(jg  ^\^Q  north  end,  about  4  feet  from  the  surface,  we  came  to 

^"^^vit  a  square  yard  of  hard  flooring,  that  required  the  pickaxe  to 

br^^  it  up.     We  found  on  it  only  a  jaw  of  either  a  dog  or  wolf.    In 

tlie    clay  near  by  a  well-preserved  human  fibula  was  found.     The 
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miners  said  the  floor  had  been  "  well  puddled  over  "  on  the  way  to 

the  further  recesses  of  the  cave.     In  the  shaft  of  the  cave  I  think 

there  is  also  evidence  of  footholds  for  the  dwellers  to  climb  in  and 

out  of  tlie  hole. 

I  am,  dear  Sir,  yours  faithfully, 

To  James  W.  Davi^.  Edward  Jones. 


ON   a   lake-dwelling  RECENTLY   DISCOVERED  AT  PREbTON   (lETTER). 

by  rev.  e.  maule  cole,  m.a. 
Dear  Sir, 

A  few  years  ago  Mr.  T.  Boynton  discovered  a  lake-dwelling  at 
Ulrome,  in  Holderness,  the  first  of  the  kind  found  in  England.  I 
have  just  had  an  opportunity  of  exploring  the  works,  which  have  been 
for  some  time  in  progress,  for  diverting  the  course  of  the  Ribble  at 
Preston,  in  Lancashire,  and  constructing  large  docks  in  the  marshes 
which  border  on  the  river  course. 

The  excavations  are  at  present  at  a  standstill,  and  will  ])robably 
remain  so  for  a  considerable  time.  The  sections  exposed,  30  feet 
deep,  are  extremely  interesting.  Every  trace  of  boulder  clay,  wliich 
covers  the  Fylde  elsewhere  to  a  great  depth,  was  ages  ago  removed  by 
the  river,  and  on  the  bared  new  red  sandstone  were  deposited  thick 
beds  of  gravel  and  saud,  full  of  estuarine  shells.  In  these  gi'avels,  at 
various  depths,  lie  scores  of  huge  blackened  tmnks  of  trees,  with 
their  ends  mostly  in  the  same  direction — downstream.  There  is  no 
trace  of  soil  ;  they  have  all,  without  exception,  been  drifted  into 
their  present  position,  a  position  which  does  not  appear  to  have  been 
altered  by  any  change  in  the  river's  course  since  the  gravels  were  laid 
down. 

Whilst  tracing  the  line  of  trees  I  caught  sight  of  some  piles 
standing  vertically  in  the  gravel  beds,  and  on  closer  examination 
found  that  they  had  been  driven  in  to  a  depth  of  from  8  feet  to  15 
feet.  The  ends  were  roughly  pointed.  For  a  depth  of  2  feet  or  3 
feet  at  the  top  a  (quantity  of  brushwood  had  been  laid  horizontally 
between  the  piles,  so  as  to  make  a  solid  and  firm  floor.  The  length 
of  the  floor  was  about  17  yards,  but  I  could  not  ascertain  the  width 
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beyoud  seven  yards,  a.s  evidently  portions  of  the  platform  had  been 

removed  in  tlie  excavations.     The  appearance  was  exactly  similar  to 

the  upper  platform  discovered  by  Mr.  Boynton  in  Hohlerness,  and  I 

liave  little  hesitation  in  assigning  it  to  a  lake-dwelling.     The  strnc- 

ture  was  erected  in  a  marsh,  distant  about  KM)  yards  from  the  present 

bed  of  the  river.     There  were  no  traces  of  weapons  or  implements  of 

any  kind,  but  this  may  be  accounted  for  by  the  fact  that  the  navvies 

liad  no  instructions,  and  no  one  in  authority  noticed  what  they  were 

ilestroying.     In  the  area  of  the  unfinished  dock,  however,  as  1  leani 

from  the  curator  of  the  Preston  Museum,  the  Kev.  J.  Shortt,  no  less 

than  52  pairs  of  antlers  of  the  red  deer  have  been  found,  43  heads  of 

the  urns,  14  human  skulls  of  the  type  found  in  our  tumuli,  two 

ancient  canoes  hollowed  out  of  the  trunks  of  trees,  and  a  solitary 

bronze  spearhead.     No  flint  or  pottery  seems  to  have  been  discovered. 

Mr.  Shortt  has  kindly  promised  to  have  the  section  photographed 

before  the  works  are  resumed  :  but  it  would  be  more  satisfactory  if 

the  piles  and  brushwood  could  be  carefully  examined  by  competent 

jkersous,  instead  of  being  left  to  casual  demolition.     Doubtless  there 

Were  many  lake-dwellings  once  in  this  couutrj',  «as  in  Switzerland,  but 

.s«)  far,  with  one  or  two  exceptions,  they  have  escaped  notice. 

Wetwaiig,  October  4.  E.  Maule  Cole. 


*^^  TUK  INVESTIGATION    OF   BRITISH    BARROWS   NEAR    IIUNMANBY,    IN 
THE  EAST   RIDING.      (BRIDLINGTON   GAZETTE,    DEC.    HTH,    18H8.) 

The  Rev.  Canon  Greenwell,  whose  labours  for  some  years  pjist  in 

'»peniug  barrows  in  the  North  and  East  Riding  of  Yorkshire  have 

^^U.sed  so  much  interest,  has,  for  the  last  three  or  four  weeks  been 

^^gHged  in  opening  a  group  consisting  of  five,  situated  on  one  of  the 

'^'^tiest  and  bleakest  part  of  the  Yorkshire  Wolds,  a  few  miles  west- 

^*^cl  of  Hunmanby  and  Filey,  and  about  6(M)  feet  above  the  sea  level. 

^»^e  group  referred  to  is  on  glebe  land  in  the  parish  of  Folkton,  whose 

rector^  the  Rev.  H,  Blane,  very  kindly  accorded  the  Canon  permission 

^  Examine  as  he  desired.     Similar  pennission  was  also  given  to  him 

"y  tie  Rev.  Biward  Mitford,  of  Hunmanby,  and  John  W.  Woodall 


92  BHITISU  BARROWS  I^EAR  HUNMANBT. 

Esq.,  of  Scarborough,  in  respect  of  barrows  on  the  Flixton  and  Flot- 
mauby  Wolds,  in  the  immediate  vicinity.  The  Canon  had  the 
assistance  of  Mr.  Walter  K.  Foster,  of  Leinster  Gardens,  Kensington, 
Mr.  Thomas  Boynton,  of  Bridlington  Quay,  and  other  gentlemen. 

He  commenced  with  barrow  No.  1,  the  largest  of  the  group,  and 
locally  known  as  "  Sharp  Howe."  The  mound  forming  this  barrow 
was  found  to  be  eighty  feet  in  diameter,  and  eight  feet  above  the 
ordinary  surface  soil.  It  is  known  to  have  been  six  feet  higher,  and 
there  was  ample  evidence  to  show  that  an  attempt  had  been  made  at 
some  time  to  open  it  out,  but  had  not  been  proceeded  with.  The 
centre  of  the  mound  was  found  to  consist  of  large  pieces  of  pure 
chalk,  covering  an  area  thirty-seven  feet  in  diameter.  This  was 
covered  with  a  mixture  of  earth  and  chalk.  At  the  base  was  found 
an  encircling  wall  made  of  chalk,  and  three  feet  high.  Below  the 
cairn  of  chalk  a  grave  was  met  with,  oval  in  form,  measuring  7  J  by 
5  feet,  and  penetrating  to  a  depth  of  five  feet  into  the  chalk  rock. 
Here  was  deposited  a  body,  probably  that  of  a  woman,  placed  on  the 
right  side  and  in  the  customary  contracted  position,  with  the  head 
towards  the  west,  and  the  hands  up  to  the  face.  The  bones  were 
much  decayed,  evidently  through  moisture,  and  some  had  altogether 
disappeared.  Behind  the  feet  was  found  a  "food  vessel"  of  the 
conventional  fonu,  rouglily  constructed,  and  ornamented  by  a  diamond 
asliaped  pattern,  produced  by  a  twisted  thong.  The  vessel  was  broken 
into  many  pieces,  amongst  which  were  mixed  the  probable  contents 
when  deposited.  Further  examination  of  this  barrow  did  not  result 
in  any  furtlier  discovery. 

In  barrow  No.  2,  a  secondary  interment  was  first  met  with,  that 
of  the  body  of  a  man  laid  on  the  right  side  in  the  usual  contracted 
position.  Behind  the  head  was  found  a  "  food  vessel "  of  somewhat 
better  manufacture  than  the  one  already  referred  to,  and  having 
similar  ornamentation.  A  large  grave  was  found  in  the  centre  of  the 
mound,  but  this  had  evidently  been  rifled  on  some  previous  occasion. 
Tlie  process  of  ploughing  would  ere  long  have  destroyed  all  traces  of 
the  secondary  interment. 

Barrow  No.  3,  although  the  smallest,  proved  to  be  the  most 
prolific  in  interment-s,  all  of  which  had  been  made  in  graves  cut  into 
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the  solid  chalk  rock  to  the  depth  of  about  3  feet.     Here,  altogether, 

four  graves  were  met  with.     In  the  first  was  found  the  body  of  a 

man  in  the  usual  position,  and  in  front  of  the  face  was  deposited  a 

nicely  chipped  flint  knife  about  two  inches  long.     The  second  grave 

contained  the  body  of,  probably,  a  man,  with  the  hands  placed  upon 

the  knees,  and  upon  the  hands  and  knees  was  deposited  a  burnt  body 

which  to  all  appearance  would  have  been  interred  at  the  same  time. 

Immediately  in  contact  with  the  front  of  the  feet  was  a  knife  made 

from  yellow  flint  and  of  about  the  same  size  as  the  one  found  in  the 

first  grave.     The  shape,  however,  was  more  oval  and  less  pointed. 

In  the  third  grave  was  also  found  the  body  of  a  man  laid  on  its  right 

side,  the  head  to  the  west,  and  in  a  more  than  usually  contracted 

position.     The  fourth  grave  contained  another  male  body  with  a 

"food  vessel"  deposited  in  front  of  the  face,  of  similar  construction 

to  the  other  graves.     Behind  the  head  were  three  rude  scrapers  of 

flint,  and  n  small  piece  of  un worked  jet. 

Barrow  No.  4,  measuring  sixty  feet  in  diameter  and  two  feet  in 
height,  though  much  ploughed  down  was  next  dealt  with.  This 
barrow  was  constructed  in  a  somewhat  peculiar  manner.  A  mound 
of  earth,  mixed  with  a  little  chalk  had,  apparently,  been  thrown  up 
over  the  grave,  in  the  first  instance  to  the  depth  of  about  one  foot. 
Upon  this  had  been  placed  an  additional  mound  mainly  composed  of 
cluJk,  but  having  some  earth  mixed  with  it.  The  mound  was 
bounded  by  a  carefully  constructed  wall  one  foot  in  height  made  of 
thin  pieces  of  chalk  laid  horizontally.  This  encircling  wall  was  not, 
however,  complete,  having  a  break  3^  feet  in  width  at  a  point  due 
south  of  the  centre,  a  not  uncommon  circumstance,  as  similar 
enclosing  circles,  and  like  this  incomplete,  have  been  met  with 
in  other  sepulchral  mounds.  The  additional  mound  had  again  been 
<?overed  by  earth  and  chalk,  thus  completing  the  construction  of  the 
Wow  which  was  found  to  contain  a  large  grave  8  feet  by  5  feet, 
Mwi  4  feet  in  depth,  but  which  showed  no  signs  of  ever  having  been 
^  for  interment.  It  had  never  been  disturbed  and  no  trace  of 
hones  was  visible  ;  so  that  it  would  seem  almost  impossible  to  believe 
that  any  body  could  have  been  buried  therein,  and  so  entirely  have 
Speared.     A  similar  absence  of  evidence  of  interment  occurred  in 
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opening  a  very  large  barrow  called  "  Willie  Howe,"  about  four  miles 
distant  from  tbis  one,  where  the  presence  of  animal  bones  in  (luite 
a  sound  condition  proved  that  a  human  body  could  not  have  been 
buried  there,  otherwise  the  bones  would  certainly  have  remained  in 
evidence.  A  second  burial  was  met  with  2o  feet  east  of  the  centre, 
namely  that  of  a  man  laid  on  his  right  side,  the  head  pointing  to  the 
south,  and  the  hands  placed  in  front  of  the  chest.  In  front  of  the 
face  was  a  *'  food  vessel "  of  rude  manufacture. 

Barrow  No.  5,  next  in  size  to  that  called  "  Sharp  Howe,"  proved 
to  have  been  dug  into  at  the  centre  many  years  ago,  when  it  would 
appear  that  an  unburnt  body  hatl  been  found  in  the  grave,  which  was 
H  feet  by  4^  feet,  and  2  feet  deep,  some  remains  of  the  bones  having 
been  left  on  the  bottom.  Two  secondary  intermente  of  burnt  bodies 
had  not  been  interfered  with.  They  were  both  insertions  into  an 
already  existing  mound.  The  cutting  tlirough  the  earth  composing 
the  barrow  was  distinctly  visible.  The  first  was  placed  17  feet  east 
of  the  centre  in  a  circular  hollow  lined  and  covered  with  thin  pieces 
of  chalk.  Among  the  burnt  bones  were  a  well-made  oval  flint  knife 
and  a  pin  made  from  tlie  log  bone  of  a  bird,  liaving  a  hole  through 
the  broad  end.  Just  outside  the  hollow  and  in  contact  with  the 
covering  stones  of  clialk  was  a  well-made  "  food  vessel  "  of  an  ordi- 
nar}^  fonu,  having  four  unpierced  ears  round  the  slioulder.  The 
second  burnt  body  was  found  at  a  point  7i  feet  froui  the  centre.  It 
was  contained  in  a  circular  hollow,  wliich  had  a  few  clmlk  st^nies  over^ 
it,  cut  into  the  already  existing  mound. 

Having  completed  the  examination  of  the  Folkton  group,  Canofc_  - 
(Treenwell  next  proceeded  to  open  a  large  barrow  about  half  a  miL  ^ 
distant  in  a  south-westerly  direction,  and  this  barrow  was  found  fc  - 
be  60  feet  in  diameter,  and  still,  after  much  reduction  throu<25::l 
ploughing,  3  feet  in  height.  It  proved  to  be  prolific  of  intennen%r>5 
The  first  met  with  was  in  a  grave,  4  foet  by  3  feet  and  li  feet  dee?'^) 
situated  13  feet  east  of  the  centre,  and  was  found  to  be  that  o£"  n 
child  about  three  years  of  age,  laid  on  its  left  side  with  the  he^d  t^ 
E.S.E  Close  to  the  feet  was  a  very  beautifully  ornamented  and  wel/- 
made  **  drinking  cup."  At  the  same  distance,  south-east  of  the 
centre,  a  second  grave,  7^  by  21   feet  and  2i  feet  deep,  occurred- 
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This  contained  the  skeleton  of  an  aged  man  laid  on  the  right  side, 

the  head  towards  the  west,  and  the  hands  up  to  the  face.    At  the 

knees  were  some  bones  of  a  pig,  the  remains  of  food  deposited  with 

the  buried  man.     In  a  barrow  about  a  mile  distant  from  this,  some 

bones  of  a  pig  were  also  found  alongside  two  burnt  bodies.    Fifteen 

feet  north  of  the  centre,  in  an  oval  hollow  sunk  about  six  inches  into 

the  chalk,  was  a  much  crushed  and  decayed  skeleton  of  a  full-grown 

person,  laid  on  the  right  side,  the  head  being  to  the  west.    With  this 

body  were  the  remains  of  a  child,  some  of  the  milk  teeth  being  left. 

The  bodies  were  covered  with  large  (lints,  and  the  pressure  of  these 

on  the  bones  had  caused  the  broken  condition  in  wliich  they  were 

found.     Nine  feet,  N.N.W.,  from  the  centre  another  body  had  been 

buried  in  an  oval  lioUow,  3  feet  by  2i  feet,  made  in  the  barrow  one 

foot  above  the  surface  level  of  the  gi'ound.     It  had  been  lined  with 

wood,  a  not  very  infrequent  occurrence.    The  body,  that  of  a  man, 

wa8  laid  on  the  left  side,  the  head  to  E.S.E.,  and  the  hands  in  front 

of  the  face.    Behind  the  head  was  a  "food  vessel"  of  good  form, 

ornamented  in  the  upper  part,  yet  rather  rudely  made.     Fifteen  feet 

ea.st  by  south  of  the  centre  were  many  bones  of  a  body  which  had 

been  disturbed  by  the  plough,  to  which  was  also  due  the  partial 

<le8truction  of  a  well-made  "  food  vessel,"  which  had  been  deposited 

at  the  time  of  burial.     At  tlie  centre,  and  laid  on  the  natural  surface, 

was  a  skeleton  whicli  had  been  placed  upon  wood.     It  was  on  the 

right  side,  the  head  towards  the  north,  and  the  hands  up  to  the  face. 

At  the  back  of  the  head  was  a  round  flint  scraper  and  two  flint  flakes 

Beneath  the  head  was  anotlier  flint  flake,  and  in  front  of  the  face, 

between  it  and  the  knees,  a  very  well-made  flint  knife  and  a  large 

"ake  were  found. 

Another  barrow,  about  200  yards  northward  of  the  last,  60  feet 
^^  diameter,  but  now  only  1 J  feet  high,  was  found  to  contain  a  single 
interment.  This  had  been  made  at  the  centre,  and  the  body  laid  on 
^ne  left  side  in  a  slight  hollow,  made  in  the  original  surface  and  lined 
^thwood.  The  head  was  to  the  N.E.,  and  the  bones  were  ver>^ 
^uch  decayed.  Before  the  face  was  a  very  fine  "  food  vessel,"  most 
tastefully  ornamented  with  fine  lines  forming  a  herring  bone  pattern, 
^  having  four  unpierced  ears  at  the  shoulder,  and  at  the  rim  a 
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broad  ear  perforated.  In  front  of  the  face  were  a  long,  narrow  flint 
knife,  carefully  and  minutely  flaked,  and  a  long  and  round  scraper  of 
flint.  In  this  and  the  preceding  barrow  it  will  be  observed  that  the 
primary  interment  had  not,  as  is  usual,  been  made  in  a  grave,  but 
placed  on  the  original  surface. 

The  last  barrow  opened  was  on  Flotmanby  Wold,  and  was  seventy 
feet  in  diameter,  4  feet  high,  and  made  of  earth  with  some  flints.  It 
was  found  to  have  been  opened  already  at  the  centre,  and  from 
information  gathered  from  the  shepherd,  a  "  pankin  "  had  been  found. 
At  a  distance  of  4  feet  from  the  centre,  and  2i  feet  above  the  surface 
level  was  an  urn  of  the  cinerary  ty^pe,  ornamented  over  the  upper 
part  with  a  diamond  shaped  pattern,  made  by  the  impression  of  a 
twisted  thong.  No  bones,  either  bunit  or  unbumt,  were  found  in 
association  with  it.  In  the  material  of  this  barrow  there  were  a  large 
number  of  flakes  and  chippings  of  flint,  three  cores,  four  scrapers, 
and  two  stones  which  had  been  used  for  pounding.  With  the  opening 
of  this  barrow,  Canon  (jreeuwell  brought  his  labours  to  a  close, 
leaving  several  in  the  immediate  neighbourhood  to  be  oj^ened  on 
some  future  occasion.  The  total  result  of  his  "openings"  this 
autumn  has  been  exceedingly  satisfactory,  and  it  is  the  Canon's 
intention  to  forward  the  whole  of  the  interesting  articles  herein 
described  to  the  British  Museum,  thereby  adding  to  the  already  large 
collection  contributed  by  him  to  that  institution  (hiving  recent  years. 


ox   THE   OCCURRENCE  OF   A   BOULDER  OF  GRANITOID  GNEISS  OR 
GNEISSOID  GRANITE  IN   TUK   HALIFAX   HARD   BED   COAL. 

BY  JAMES   SPENCER. 

From  time  to  time  during  the  last  thirty  years,  boulders  *  t 
quartzite  and  other  hard  rocks,  having  ([uite  a  distinct  stnicture  fro  ^m  ] 
that  of  any  native  rock  of  the  district  in  which  they  occur,  have  be^^i 
found  in  the  coal  beds.  Many  years  ago,  before  the  great  impoMr^ 
ance  of  these  boidders  from  coal  beds  was  recognized,  a  fine  speciitt.oi 
was  found  in  the  Hard  Bed  Coal  at  Dam  Head  Pit,  in  Shibden-dj^lo, 
jiear  Halifax.     At  that  time  having  no  means  of  submitting  it    to 
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microscopic  analysis,  the  most  uotable  feature  about  it  was  its 
spherical  and  highly  polished  form.  It  was  a  hard  white  rock  streaked 
with  patches  of  darker  hue,  and  of  about  the  size  of  an  orange ;  it 
had  evidently  been  subjected  to  a  great  deal  of  attrition. 

About  the  same  time,  my  friend,  Mr.  George  Lister,  had  a  fine 
quartzite  boulder  brought  to  him  which  was  found  in  the  Low  Moor 
(near  Bradford)  Better  Bed  Coal.     It  was  about  the  size  of  an  ordi- 
nary football,  and  he  informs  me  that  the  boulders  in  this  locality 
were  not  very  rare. 

Since  that  time  boulders  of  quartzite  and  other  rocks  have  been 
found  in  coal  beds  in  various  places  in  the  Midland  Coal-fields,  and 
also  in  Lancashire  and  Derbyshire,  some  of  which  were  described  by 
Professor  Bonney  in  his  presidential  address  to  the  Geological  Section 
of  the  British  Association  at  Birmingham  in  1886.  In  the  spring  of 
last  year  two  or  three  quartzite  boulders  were  recorded  by  Mr.  C. 
Brownridge,  F.G.S.,  from  the  Black  Bed  Coal  at  Leeds.  Two  of  these 
'^ere  subsequently  sent  to  the  writer  to  cut  and  mount  sections  for 
examination  under  the  microscope,  and  a  thin  slice  of  each  specimen 
^  sent  by  Mr.  Brownridge  to  Professor  Bonney  for  examination,  and 
We  already  been  described.* 

In  the  spring  of  the  present  year,  1888,  I  was  very  fortunate  in 

obtaining  from  Shibden  Head  Pit,  near  Halifax,  a  boulder  of  a  most 

^teresting  character,  which  had  recently  been  found  in  the  Hard  Bed 

CoaL    The  specimen  is  of  a  greyish  colour,  about  four  inches  in 

tetxgth,  by  about  two  and  a  half  square.     The  angles  have  been  worn 

^ff,  and  the  faces  polished  and  striated  transversely.    The  striae  are 

^ost  probably  due  to  slickensiding  in  the  coal  rather  than  to  glacia- 

^*oii.    After  preparing  thin  slices  for  examination  under  the  micros- 

^ope,  it  was  evident  that  the  specimen  presented  a  different  structure 

*  ^om  either  of  those  recorded  from  the  Black  Bed  Coal  at  Leeds.    Upon 

*'^^ceipt  of  a  section  of  this  boulder,  Professor  Bonney  replied  as 

*^llows  : — "  The  boulder  is  one  of  unusual  interest.     It  is  not  a 

^Xaartrite  but  a  granitoid  gneiss  or  gneissoid  granite,  probably  derived 

>m  some  mass  of  pre-Cambrian  age.''     ''The  specimen  practically 

consists  of  two  minerals,  quartz  and  felspar.     The  former  occurs  in 

*Ftoo.  of  the  Torkflhire  Geologrioal  and  Polyteohnio  Society,  vol.  iz.,  p.  405. 
8 
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*'  grains  of  irregular  outline,  sometimes  associated,  and  often  joined 
"  as  it  were  sewn  together,  by  microcrystalline  quartz,  which  als 
"  occasionally  extends  into  small  patches.     Numerous  small  iuclosurt 
"  give  it  a  dusty  look  ;  many  are  empty  cavities  ;  some  contain  fluic 
"  The  felspar  also  occurs  in  grains  of  roundish  to  rather  irr^ilj 
"  outline  also  often  associated.     It  is  much  decomposed,  but  some  i 
"  probably  orthoclase,  and  microcline  can  be  distinctly  recognizei 
**  Parts  occasionally  are  blackened  by  clustered  granules.     Withoi 
**  destroying  the  slide  I  cannot  say  whether  these  are  iron  oxide  ( 
"some  carbonaceous  material  which  has  infiltered.    As  its  present 
''  has  no  important  significance  I  have  thought  it  needless  to  ascertai 
"  its  precise  nature,  but  believe  it  probably  of  secondary  origii 
"  Rather  roundish  grains  of  quartz  are  occasionally  included  in  tl 
"  felspar,  as  is  common  in  old  granitoid  gneisses.     I  note  a  very  litt] 
'*  flaky  viridite.     It  is  possible  that  the  gneissoid  structure  is  due  t 
"  mechanical  deformation  of  a  gi*anite,  but  if  so,  reconsolidation  h; 
**  been  complete.     The  structure,  in  short,  recalls  a  type  of  ro 
"  which  is  exceedingly  common  among  gneissoid  rocks,  which  j 
'*  universally  admitted  to  be  much  older  than  any  part  of  the  iSv 
**  brian,  and  which  is,  so  far  as  my  experience  goes,  exceedingly  r 
"  if  not  altogether  wanting  in  any  rock  of  Palaeozoic  or  later  date. 
Considering  the  great  interest  attached  to  the  discover}' 
examination  of  these  boulders  from  coal  seams,  it  may  be  impo 
to  point  out  some  of  the  conditions  attending  the  deposition  o 
strata  enclosing  the  coal  seam  in  which  they  occur,  and  als 
general  character  of  the  strata,  and  the  direction  from  whence 
appear  to  have  come.     Dr.  Sorby  has  weU  shown,  by  data  cl 
from  microscopic  examination  of  the  sandstones  and  grits  of  th 
part  of  the  Coal  Measures,  that  these  rocks  are  composed  of  m 
which  were  most  probably  derived  from  Scandinavia  ;  and  t' 
elusion  is  supported  by  the  general  trend  of  these  strata,  v 
from  north-east  to  south-west.     The  Coal  Measures  were  d 
in  a  slowly  sinking  area,    with   occasional   pauses  or  ev< 
elevations  of  the  land  above  the  sea  level.      The   strata 
the  Hard  Bed  Coal  furnishes  one  of  the  most  striking  exr 
these  mutations  of  land  and  sea.     A  short  distance  below 
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there  are  three  separate  layers,  chiefly  composed  of  Anthracosia, 
indicating  marine  or  estuarine  deposits,  wliile  the  Hard  Bed  Coal  has 
been  fully  demonstrated  by  microscopic  examination  of  the  admirably 
preserved  plants  which  occur  in  it,  to  be  a  land  deposit.  Immediately 
overlying  the  coal  a  bed  of  marine  shells,  Aviculopecten  papyraceous, 
occurs,  followed  by  some  yards  of  strata  containing  Goniatites  Listeri, 
and  other  marine  shells.  Here  then  we  have  evidence  of  great  changes 
of  level  indicated  in  these  strata,  during  which  the  currents  bringing 
deposits  may  have  varied  considerably.  But  there  may  have  been 
other  changes  of  level  having  important  bearings  upon  the  formation 
of  coal  and  other  matters  in  connection  with  the  deposition  of  strata, 
which  have  either  left  no  traces  behind  or  they  are  so  obscure  as  to 
have  hitherto  escaped  observation. 

The  boulder  of  Gneissoid  Granite  for  instance,  now  under  notice, 
was  found  in  the  midst  of  coal  which  was  not  disturbed,  or  in 
any  way  difl^'erently  disposed  from  tlie  rest  of  the  coal  bed.    This 
may    indicate  a  slight  depression  of  the  area  so  as  to  bring  it 
within  the  influence  of  the  tides,  or  the  area  may  have  been  near  a 
large  estuary  which  was  subject  to  occasional  floods,  during  which 
the  boulder  may  have  been  brought  down  on  floating  masses  of  vege- 
table matter,  or  entangled  in  the  roots  of  a  tree  and  deposited  in  the 
submerged  area.     That  the  area  now  occupied  by  the  Hard  Bed  Coal 
was  occasionally  subject  to  incursions  of  the  sea,  or  at  least  over- 
irhelmed  by  water  containing  Carbonate  of  Lime  in  solution,  is  proved 
by  the  abundance  of  calcareous  balls,  containing  coal-plants,  found  in 
the  midst  of  the  coal .     It  has  been  suggested  that  these  far-travelled 
tH)ulder8,  found  in  coal,  may  have  been  brought  by  icebergs,  but  this 
'ciea  does  not  seem  to  be  supported  by  the  facts.     So  far  as  I  could 
^g^ther,  and  I  happened  to  be  on  the  pit-bank  when  the  one  under 
otice  was  brought  out  of  the  pit,  this  boulder  was  not  accompanied 
y  any  other  detritus  such  as  sand  or  clay  or  smaller  pebbles,  which 
^^^light  reasonably  have  been  expected  had  ice  been  the  carrying 
^^ent ;  and  such  is  the  case  I  am  informed  wherever  the  boulders  are 
^:iaet  with  in  coal  beds.     It  seems  to  me,  therefore,  more  reasonable 
^^  attribute  their  transportation  to  drifting  and  tangled  masses  of 
Vegetable  matter  rather  than  to  ice. 
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It  may  be  of  interest  to  note  the  exact  locality  in  which  the 
boulder  was  found.  It  came  from  under  the  north  side  of  a  hill  called 
Barehead,  in  Shibden-dale,  about  two  miles  north  of  Halifax.  The 
round  whitish  boulder  above-mentioned  came  from  under  the  south 
side  of  the  same  hill,  at  a  distance  of  about  half  a  mile  from  the  place 
where  the  present  one  was  found.  The  Hard  Bed  at  Shibden  Head 
Fit  is  found  at  a  depth  of  450  feet  from  the  surface,  the  geological 
horizon  of  that  coal  being  about  200  feet  above  the  Rough  Rock,  the 
uppermost  member  of  the  Millstone  Grit  series.  In  conclusion  it 
may  be  useful  to  note  that  about  600  feet  of  strata,  including  the 
Northowram  and  Elland  Flag  Rock,  intervene  between  the  Hard  Bed 
and  the  Better  Bed  Coals,  while  the  Black  Bed  Coal  lies  120  feet 
above  the  Better  Bed  Coal.  The  materials  forming  these  strata 
appear  to  have  come  from  the  north-west.  A  knowledge  of  this, 
along  with  that  of  the  structure  of  the  boulders,  may  help  to  form 
some  idea  of  the  locality  of  the  parent  rock  from  whence  the  .boulden 
were  derived. 

Frofessor  Bonney  detected  a  resemblance  between  the  rounde 
grains  in  the  quartzite  from  the  Black  Bed  Coal  and  those  in 
specimen  of  quartzite  from  the  Lickey  Hills  and  from  the  Charnwo* 
series,  he,    however,    very    guardedly    remarked,     **  Of   course 
do  not  mean  to  suggest  that  we  must  look  in  this  direction  for  ' 
parent  rock."     If  we  may  judge  from  the  direction  in  which 
materials  forming  the  Millstone  Grits,  and  the  Lower  Coal  Mea; 
Grits  and  Sandstones   have  come,  it  is  not  improbable  that 
Gneissoid  granite  under  notice  may  have  come  from  some 
Cambrian  rocks  connected  with,  or  Scottish  outlier  of,  the  » 
dinavian  mountains. 


101 


THE  LAKE-DWELLINOS  IN   EAST  YORKSHIRE. 
BY  JAMES  W.   DAVIS,    F.S.A. 

The  consideration  of  phenomena  which  have  a  tendency  to 
illumine  the  history  or  habits  of  the  early  inhabitants  of  this  country 
must  at  all  times  be  looked  upon  with  a  large  amount  of  interest. 
Prom  this  point  of  view  the  discovery  of  the  remains  of  a  number  of 
ancient  Lake  Dwellings  in  Holderness,  the  low-lying  district  between 
Hull  and  Bridlington  affords  a  glimpse  of  the  habits  of  a  people  who 
Uved  during  ages  of  which  there  is  no  written  history,  and  of  whose 
existence  there  is  no  record  but  such  as  can  be  gs^thered  from  the 
remains  of  rude  platforms  built  on  the  edge  of  a  lake  or  mere,  on 
which  to  erect  dwellings  affording  a  scanty  shelter  from  the  inclemency 
of  the  weather,  some  protection  from  the  wild  animals  of  the  neigh- 
bourhood, or  the  attacks  of  their  human  but  more  dangerous  foes. 
Living  over  the  water  they  naturally  found  that  the  readiest  method 
of  disposing  of  the  refuse  was  to  throw  it  into  the  lake  below  :  and 
so  it  happens,  that  in  digging  beneath  the  platform  there  are  found, 
mixed  with  the  natural  accumulation  of  peat,  large  numbers  of  the 
bones  of  animals  which  had  been  used  as  food,  charred  wood  from 
their  fires,  implements  of  atone  used  as  adzes  in  shaping  and  pointing 
the  piles,  rounded  stones  for  pounding  and  grinding  corn,  arrow  and 
spear-heads,  rudely-fashioned  objects  of  bone  used  for  fastening  skins 
round  the  loins,  or  for  personal  adornment  of  the  primeval  inhabitants 
of  our  island,  as  well  as  other  objects  of  less  definite  purpose. 

Holderness  occupies  an  area  circumscribed  by  the  chalk  hills 
'^hich  extend  from  Flamborough  Head  to  the  Humber  on  the  one 
side  and  the  sea  on  the  other.  It  is  a  low-lying  district,  the  almost 
uniform  flatness  of  which  is  but  slightly  relieved  by  little  rounded 
Mils  of  gravel.  The  central  part,  extending  north  and  south,  is  in 
^Die  instances  below  the  level  of  the  sea,  whilst  along  the  coast  the 
?^und  rises,  so  that  the  drainage  instead  of  seeking  an  outlet  towards 
Ae  sea  runs  inland  and  is  emptied  into  the  Humber.  Formerly  the 
Wer  levels  of  Holderness  formed  a  series  of  plant-laden  meres,  con- 
**^cted  by  streams  one  with  another,  and  ramifying  in  every  direction. 
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These  once  characteristic  semi-stagnant  expanses  of  water  have  all 
been  drained,  and  with  the  exception  of  Hornsea  Mere,  which  is 
below  the  sea-level,  the  sites  they  occupied  are  only  indicated  by  the 
names  which  the  places  still  retain.  It  is  with  difficulty  that  the 
richly-cultivated  and  fertile  plains  of  the  Holderness  of  to-day  can  be 
conceived  as  a  country  full  of  swamps,  bogs  and  lakes,  almost  im- 
penetrable either  on  foot  or  by  other  means.  The  slightly  higher 
ground  was  for  the  most  part  densely  wooded,  and  much  vegetation 
covered  the  whole  of  the  country.  It  extended  far  out  over  the  area 
now  occupied  by  the  North  Sea.  The  rapidity  with  which  the  land 
has  been  washed  away  may  be  inferred  from  the  fact  that  during  some 
years  as  much  as  fifty  feet  have  gone  during  one  winter  ;  and  since 
the  days  of  the  Stuarts  the  sites  of  villages  and  churches  which  were 
considerably  within  the  coast  line,  are  now  far  out  at  sea. 

There  rolls  the  deep  where  grew  the  tree. 

«  *  *  #  « 

The  hills  are  shadows,  and  they  flow 

From  form  to  form,  and  nothing  stands ; 
They  melt  like  mist,  the  solid  lands, 

Like  cloads  they  shape  themselves  and  go. 

The  woods  and  higher  ground  were  infested  with  wolves  ;  and  the 
wild  boar  grovelled  in  the  slimy  margin  of  the  pools,  rooting  up 
succulent  morsels  from  the  luxuriant  vegetation,  thriving  in  the 
damp  and  vapour-laden  atmosphere.     The  red-deer  and  the  horse 
roamed  in  herds  over  the  district,  making  incursions  from  the  higher 
ground  to  the  westward,  and  numerous  small  animals  lurked  in  the 
recesses  of  the  forest.     It  is  probable  that  at  this  time  the  beaver 
had  formed  its  wonderful  habitation  in  the  more  rapid  streams  of  the 
district,  and  unconsciously  competed  with  its  human  neighbours  in 
the  stability  and  comfort  of  its  water-protected  home.     Birds  were 
common,  the  wild  goose  being  so  abundant  that  even  to  this  day  th^ 
higher  ground  in  the  vicinity  of  one  of  the  lake-dwellings  retains  the 
name  of  Goose  Island,  though  it  is  long  since  it  was  an  island  and 
the  wild  goose  is  a  rara  avis  now. 

It  was  on  the  edge  of  one  of  these  semi-stagnant,  reed-grown 
meres  at  Ulrome  that  Mr.  Thomas  Bo>Titon  discovered  the  remains  of 
an  ancient  lake-dwelling.  The  edge  of  the  lake  was  towards  the  east, 
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and  at  no  great  distance  was  an  island  the  surface  of  which  at  the 

present  time  is  twenty-five  feet  above  the  sea-level.    It  was  between 

the  shore  of  the  lake  and  this  island,  still  named  Goose  Island,  that 

the  pile  structure  was  placed.     It  consists  at  the  base  of  a  number  of 

trunks  of  trees  placed  horizontally  on  the  bottom  of  the  lake,  and' 

held  in  position   by  rudely-pointed  stakes.     The  largest  timbers,- 

twenty  feet  in  length  and  eighteen  inches  in  diameter,  extend  from 

east  to  wast  across  the  course  of  the  stream,  which  appears  to  have 

run  in  a  northerly  direction.     The  direction  of  the  flow  of  the  water 

is  indicated  by  the  addition  of  diagonal  piles  placed  to  lean  against 

the  larger  trunks,  in  order  to  prevent  their  being  disturbed  by  floods 

or  other  circumstances  causing  more  than  the  ordinary  pressure. 

Between  the  large  timbers,  which  were  laid  parallel  to  each  other, 

with  as  great  regularity  as  their  rough  unhewn  surfaces  allowed, 

shorter  trunks  were  placed  transversely,  resulting  in  a  rude  but  solid 

and  compact  framework.     The  whole,  fastened  in  position  by  stakes, 

four  to  six  feet  in  length,  driven  into  the  bottom  of  the  lake,  formed  a 

rectangular  platform  thirty  yards  in  length  from  east  to  west,  and 

eighteen  in  breadth  from  north  to  south.     At  the  south-east  corner 

a  pair  of  large  timbers  extend  parallel  with  each  other,  about  five  feet 

apart,  from  the  platform  to  the  shore  of  the  lake  ;  they  have  been 

prepared  with  greater  care  than  those  used  for  the  platform  itself ; 

the  upper  surface  is  hewn  flat,  and  they  have  been  carefully  fixed  in 

position,  evidently  to  form  a  means  of  communication  between  the 

habitations  and  the  adjoining  land.     The  trunks  and  branches  of 

trees  are  mostly  oak,  ash,  birch,  willow,  and  hazel.     The  interstices 

'>etweeu  the  timbers  of  the  platform  were  filled  up  to  the  top  with 

woken  wood  and  twigs  until  a  level  surface  was  obtained  ;  this  was 

covered  with  bark  and  sand.  On  the  foundation  thus  securely  formed, 

probably  reaching  a  little  above  the  surface  of  the  water,  were  erected 

the  dwellings  of  the  builders. 

The  structure  exposed  during  the  excavations  proved  that  the 
^"pnal  platform,  after  the  lapse  of  a  considerable  period  of  time, 
^^ther  subsided  beneath  the  water,  or  for  some  other  reason  became 
^^tenable,  and  a  second  one  was  added.  The  newer  or  upper  plat- 
form is  arranged  much  in  the  same  way  as  the  lower  one.    The 
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horizontal  timbers  of  the  superstructure  are  held  in  position  by  piles, 
which  may  be  distinguished  from  the  earlier  ones  by  the  long  and 
sharp  point,  evidently  cut  by  a  sharp  metal  instrument.  The  point« 
of  the  later  piles  are  not  unfrequently  found  piercing  the  timbers  of 
the  earlier  stage,  which  may  be  taken  as  an  indication  that  the  latter 
were  more  or  less  decayed,  and  consequently  had  become  depressed 
beneath  the  water,  hence  the  reason  for  the  erection  of  the  second 
structure.  The  two  platforms  together  are  between  four  and  five 
feet  in  thickness.  The  top  of  the  upper  one  is  four  feet  beneath  the 
surface  of  the  ground,  the  intervening  strata  consisting  of  three  feet 
of  peat  immediately  overlying  the  wooden  platform,  and  a  foot  of 
warp  and  soil.  Beneath  the  base  of  the  lower  platform  the  thickness 
varies  with  the  position  ;  near  the  edge  it  rests  on  a  bed  of  sand  and 
gravel  which  forms  the  bottom  of  the  old  lake  ;  further  out  it  is 
separated  from  the  sand  by  an  increasing  thickness  of  peat.  The 
gravel  forming  the  bottom  of  the  old  lake  is  about  ten  feet  beneath 
the  present  surface  of  the  ground. 

Amongst  the  sticks  and  bark  filling  up  the  interstices  betweea 
the  timbers  of  the  lower  dwelling  a  nurabftr  of  implements  and  somo 
fragments  of  pottery  have  been  found.     The  latter  is  dark-coloureA 
and  possesses  all  the  characters   of  pottery  made  by  the   Celti<^ 
inhabitants  of  the  country  of  the  earHest  period.     The  implements 
are  made  either  of  stone  or  bone,  and  consist  of  pointed  or  sharpene<] 
stones  pierced  in  the  middle  for  the  introduction  of  a  wooden  handle, 
used  as  hammers  ;  picks  and  hammers  are  also  made  from  tlie  antlers 
of  the  red  deer.     The  large  leg-bones  of  oxen,  broken  diagonally 
midway  between  the  two  extremities,  and  pierced  near  the  joint  with 
a  circular  hole  for  the  insertion  of  a  stick,  appear  to  have  been  used 
as  hoes  ;  the  diagonal  fracture  is  more  or  less  smoothed  by  use,  and 
an  implement  of  this  form  would  serve  very  well  to  break  up  the 
light  soil  on  the  higher  ground  adjacent  to  the  mere.     Flint  flakes, 
used  as  knives  and  for  other  purposes,  sucli  as  cleaning  the  skins  of 
animals,  have  been  found.     A  large  stone  of  oval  form  and  coarse 
granitoid  texture,  with  a  flat  smooth  surface  exceeding  a  foot  in 
largest  diameter,  may  have  been  used  for  grinding  food,  and  othef 
smaller  rounded  stones  were  apparently  used  for  pounding  graia- 
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Hazel  nuts  were  numerous.  In  addition  to  the  bones  of  animals 
already  mentioned,  there  have  been  found  the  jaws  of  wolves,  tusks 
of  wild  boars,  portions  of  the  head  of  red  deer  and  horse,  and  the 
bones  of  sheep,  dog,  and  smaller  animals,  as  well  as  the  bones  of  birds. 
They  were  mostly  at  a  depth  of  about  six  feet  below  the  surface,  and 
four  feet  from  the  bottom  of  the  lake. 

Between  the  first  and  second  platform  a  fine  bronze  spear-head 
was  discovered.    The  occurrence  of  bronze,  together  with  the  form  of 
the  pointed  piles,  evidently  cut  by  a  metal  instniment,  naturally 
leads  to  the  inference  that  the  later  platform  was  erected  during  the 
period  usually  termed  the  Bronze  age.    An  approximate  idea  may  be 
formed  of  its  age  if  it  be  remembered  that  the  knowledge  of  bronze 
was  succeeded  by  that  of  iron  ;  of  the  latter  metal  there  is  no  evi- 
dence in  the  lake-dwelling,  but  it  was  known  to  the -people  whom 
Julius  Gaesar  found  occupying  this  country,  and  was  probably  in  use 
for  two  or  three  centuries  previously.     It  will  be  safe,  therefore,  to 
fix  the  date  of  the  more  recent  portion  of  the  pile  structure  not  later 
than  the  second  or  third  century  B.C.     The  objects  found  beneath  the 
lower  platform  indicate  a  much  earlier  period,  when  the  use  of  bronze 
had  not  been  discovered,  and  the  articles  and  implements  were  made 
from  either  flint  or  bone  ;  the  older  structure  is  probably  of  the 
earlier  portion  of  the  later  stone  age.     Its  great  antiquity  is  shown 
by  the  depth  at  which  the  objects  already  mentioned  were  found,  and 
by  the  circumstance  that  the  parts  of  the  lake  surrounding  the  pile- 
dwellings  became  filled  up  to  a  depth  of  four  or  five  feet  with  peat, 
before  the  second  platform  was  constructed.     The  Barmston  and 
Skipsea  Drain  follows  the  course  of  what  was  undoubtedly,  in  pre- 
historic times,  a  chain  of  lakes  extending  from  Skipsea  to  its  present 
termination  on  the  sea-shore.     Along  this  line  five  or  six  other  pile- 
structures  have  been  found,  in  some  instances  considerably  larger  than 
the  one  explored  at  Ulrome.     There  is  every  probability  that  careful 
eumination  of  the  surrounding  districts  will  disclose  the  fact  that 
i^umerous  other  erections  exist  over  a  considerable  area,  and  as  each 
of  the  platforms  afforded  space  tor  several  dwellings,  it  is  reasonable 
to  suppose  that  the  pile-dwellers  were  a  somewhat  numerous  people. 
1*be  great  preponderance  of  implements  useful  for  tilling  the  soil  over 


10()  DAVIS:   THE   LAKK-DWELLINOS   IN'    EAST   YORKSHIRE. 

those  of  warlike  character  seems  to  indicate  that  they  were  peaceably 
disposed,  and  inclined  to  agricultural  pursuits  ;  they  were  acciuainted 
with  the  use  of  pottery,  which  they  shaped  into  rude  vessels  without 
the  use  of  the  pottei^'s  wheel,  and  decorated  by  making  incisions, 
either  with  the  finger-nail  or  a  pointed  flint,  on  the  surface.  The 
nodules  of  flint,  which  occur  abundantly  in  the  neighbouring  chalk, 
(*hipped  into  the  form  of  an  arrow-head,  spear-head,  and  such  other 
objects  as  they  had  skill  to  make  or  comprehension  to  use,  served 
them  for  offensive  and  defensive  purposes.  The  antlers  of  the  red 
deer  and  the  humerus  of  the  ox,  broken  diagonally,  probably  assisted 
in  breaking  up  and  tilling  the  soil.''  Tiie  harder  bimes  of  animals 
were  scraped  and  carved  into  the  form  of  pins  and  other  implement's 
for  personal  use  and  adornment. 

Tolerably  safe  from  the  attacks  of  wild  animals,  which  prowled  in 
the  neighbouring  woods,  when  in  their  habitations  over  the  water, 
this  hardy  people  protected  themselves  from  the  chill  east  winds 
which  swept  over  the  North  Sea,  as  best  they  could,  with  the  skins  of 
wild  animals  caught  in  the  chase,  or  killed  for  food.  It  may  be 
desirable  to  consider  the  relationship  of  the  pile-dwellers  to  the  popu- 
lation existing  in  the  iuljacent  parts  of  the  country  at  the  time  the 
dwellings  were  erected.  The  objects  found  in  t!ie  exploration  of  the 
pile  structures  indicate  that  they  were  used  as  the  ordinary  home  of 
the  people,  and  not  merely  as  an  occasional  retreat  for  defensive 
purposes  ;  and  we  may  conclude  that  they  formed  only  a  compara- 
tively small  proportion  of  the  entire  population.  Whilst  in  this 
particular  district  the  circumstances  were  especially  favourable  to 
the  construction  of  this  species  of  dwelling,  the  adjacent  district 
was  occupied  by  branches  of  the  same  people  who  erected  a  quit« 
different  kind  of  habitation.  The  country  surrounding  the  low-lying 
lake-covered  area  of  Holderness  is  constituted  of  rounded  chalk  hills 

*  Exactly  as  the  writer  saw  the  tenant  of  a  email  plot  of  arable  land 
operating  a  short  time  ago.  The  grabsland  had  been  dag  with  a  epade  and 
remained  in  hard  clods ;  to  break  up  these  the  man  had  inserted  a  long  stick  in 
a  solid  piece  of  wood,  pierced  in  a  similar  manner,  and  nearly  the  same  size  as 
the  broken  leg-bones  of  the  ox,  and  with  this  was  poundiog  away  at  the  masses 
of  dry  earth ;  a  pecoliar  exemplification  of  an  old-world  custom  revived  by  tb^ 
foTce  or  necessity  of  circamstanoe^. 
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intersected  by  deep  river-less  valleys.    There  is  abundant  evidence 
still  existing  on  these  hills  that  they  were  inhabited  by  a  numerous 
and  energetic  people.    Their  summits  are  entrenched  in  every  direc- 
tion, culminating  on  Flamborough  Head  with  the  so-called  Danes 
Dyke.     These  entrenchments  were  probably  erected  for  purposes  of 
defense,  and  as  a  last  rasort  should  they  be  driven  from  the  Wold 
entrenchments,  the  inhabitants  could  retreat  to  the  more  strongly 
fortified  area  on  Flamborough  Head,  difficult  of  access  from  the  sea,  and 
rendering  a  prolonged  resistance  on  the  land  comparatively  easy. 
Over  the  whole  Wold  district  there  are  large  numbers  of  mounds  or 
tiimuli  which  were  erected  as  memorials  of  the  dead,  and  the  investi- 
gations of  these  has  thrown  much  light  on  the  habits  and  character 
of  the  people.    The  mounds  are  stated  by  Canon  Greenwell  {British 
Barrows,  1877)  to  contain  the  bodies  of  two  distinct  races  of  men  ; 
the  older  one  characterized  by  a  long  head,  much  longer  from  back  to 
front  than  broad ;  whilst  more  recent  mounds  contain  bodies  with 
round  heads,  in  which  the  breadth  equals  or  exceeds  the  length ; 
with  the  latter  implements  of  bronze,  ornaments  of  bone  and  jet,  and 
pottery  of  varied  forms  have  been  discovered,  whilst  in  the  earlier 
graves  only  implements  of  (lint  and  stone  have  been  found,  together 
with  potter)'  of  a  rude  character,   and  quite  distinct  from  that 
associated  with   the  implements  of  bronze.      Rounded  stones  for 
pounding  grain  are  frequently  found.     The  relationship  between  the 
long-headed,    stone-using    people    and    the    broad-headed    people, 
acquainted  with  the  use  of  bronze,  who  lived  on  the  Wolds,  and  the 
similar  races  who  occupied  the  lake-dwellings  is  sufficiently  remark- 
able, and  indicates  more  than  a  probability  that  the  race  who  built 
the  entrenchments  and  erected  mounds  over  their  dead,  occupied 
their  strongholds  at  the  same  time  that  their  neighbours,  the  lake- 
dwellers  erected  their  island  platforms.     The  implements  found 
heneath  the  lower  structure  are  similar  to  those  got  from  diggings  in 
4e  older  tumuli,  and  there  is  simultaneous  evidence  of  the  intro- 
duction of  bronze  in  the  later  pile-dwellings  and  the  most  recent  of 
the  mounds.     Other  examples  of  pile-dwellings  have  been  recorded 
principally  from  the  eastern  counties,  where  in  bygone  centuries 
morasses  and  meres  abounded.    One  at  Barton  Mere,  near  Bury  St. 
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Edmunds,  was  explored  by  the  Rev.  H.  Jones  in  1867  ;  another  at 
Wretham  Mere,  in  Norfolk,  by  Sir  Charles  Bnnbury  in  1856  ;  and 
Dr.  Palmer  has  reported  that  in  1869  oaken  pil&s  and  planks  had 
been  dug  out  of  boggy  ground  on  Cold  Ash  Common,  Berkshire.  In 
each  instance  piles  were  found  driven  into  the  ground,  at  Barton 
supported  by  large  stones  ;  associated  with  them  were  vast  quantities 
of  broken  bones  of  animals  used  for  food,  and  occasionally  bronze 
spear-heads  and  other  implements  have  been  found.  It  is  probable 
that  these  structures  belonged  to  tlie  bronze  age,  and  the  object*  dis- 
covered in  them  point  rather  to  the  later  than  to  the  earlier  part  of 
it ;  to  that  portion  which  immediately  precedes  the  historic  period. 
Compared  with  the  lake-dwellings  of  Holderness  they  would  be  coeval 
with  the  more  recent  structures  in  which  the  bronze  implements  are 
found.  A  single  example  of  a  Crannoge  or  pile-dwelling  has  been 
recorded  as  occurring  in  Llangorse  Lake,  near  Brecon,  in  South 
Wales.  It  consists  of  an  island  of  piles  supported  by  stones  ;  it  is 
ninety  yards  in  circumference,  and  situated  in  two  or  three  feet  of 
water  a  short  distance  from  the  northern  shore  of  the  lake.  The 
piles  are  oak  and  show  evidence  of  having  been  hewn  with  a  metal 
adze.  Outside  the  island  are  groups  of  piles  of  softer  wood,  and  it  is 
inferred  that  the  island  formed  a  central  platform  from  the  circum- 
ference of  which  tlie  dwellings  extended  to  the  adjacent  groups  of 
piles.  Large  quantities  of  bones  were  found  in  the  shallow  water 
between  the  island  and  the  margin  of  the  lake.  The  l)ones  were  sub- 
mitted to  the  late  Professor  Rolleston,  who  found  theiuto  be  entirely 
those  of  the  pig,  sheep,  cow,  and  horse  ;  they  were  all  representative 
of  small  animals.  The  horse  wa.s  used  as  an  article  of  food, 
its  bones  were  of  two  kinds,  one  small,  probably  the  progenitor 
of  the  Welsh  pony,  and  the  other  of  a  larger  breed.  To  the  above 
list  Professor  Boyd  Dawkins  afterwards  added  the  red  deer  and  wild 
boar.  Some  fragments  of  pottery  were  found  interspersed  with  the  bones. 
In  Ireland  and  Scotland  numerous  Island  Lake-dwellings  or 
Crannoges  have  been  discovered.  A  large  number  of  the  Irish  ones 
were  described  by  Sir  W.  R,  Wilde  in  the  proceedings  of  the  Royal 
Irish  Academy,  dating  from  1840.  The  Irish  Crannoges  have  been 
inhabited  from  a  period  hidden  in  remote  antiquity  until  compara- 
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tively  recent  times.  In  many  instances  they  may  have  been  deserted 
for  long  periods,  and  afterwards  repaired  and  re-inhabited.  The 
remains  of  implements  of  war ;  those  used  in  agricultural  pursuits 
and  others  for  personal  adornment,  range  througli  all  the  varieties  of 
stone  and  flint,  bone,  bronze  and  iron,  and  consist  of  daggers^  spears, 
knives  and  swords,  sliears,  axes,  querns,  beads,  pins,  combs,  brooches, 
chains,  pots,  &c.  The  amount  of  broken  bones  left  by  the  occupiers 
is  enormous,  and  instances  are  recorded  where  a  hundred  and  fifty 
cart-loads  had  been  remove<l  and  used  as  manure  from  a  single  plat- 
platform.  The  ordinary  form  of  the  Irish  Crannoge  is  a  circular  or 
oblong  structure  forming  an  island,  surrounded  by  one  or  more  rows 
of  piles,  pointed  and  driven  into  tlie  bed  of  the  lake.  Inside  the 
circle  of  piles  the  space  is  filled  with  stones,  branches  of  trees  and 
peaty  debris.  On  tho.se  artificially-built  islands,  wooden  dwellings 
were  erected.  The  latter  consisted  of  a  combination  of  piles  and 
wicker-work  with  boarded  floors.  In  districts  where  wood  was  scarce, 
they  are  sometimes  built  up  entirely  of  stone.  Generally  the  dwell- 
ings were  erected  in  a  circle  round  the  outer  extremity  of  the  struc- 
ture, similarly  to  that  already  spoken  of  in  Wales  j  in  other  and  rare 
instances  the  houses  were  built  on  womlen  platforms  supported  by 
piles  and  brushwooil,  held  in  position  by  stones.  They  were  erected 
without  connection  with  the  shore,  connnuuication  being  made  by 
means  of  a  canoe,  hewn  from  the  bole  of  a  single  tree  :  it  is  a  common 
occurrence  to  find  the  canoe  in  innuediate  proximity  to  the  pile 
structure  burietl  in  the  i>oat  or  bog.  Sir  W.  R.  Wilde  describing  a 
Crannoge  exposed  at  Lagore,  County  Meath,  which  was  173  feet  in 
diameter,  says — 

"  The  circumference  of  the  circle  was  fonneil  by  upright  posts 
of  black  oak,  measuring  from  six  to  eight  feet  in  height ;  these  were 
mortised  into  beams  of  a  similar  material,  laid  flat  upon  the  marl  and 
sand  beneath  the  bog,  and  nearly  sixteen  feet  below  the  present  sur- 
face. The  upright  posts  were  held  together  by  connecting  cross- 
beams, and  (?)  fastened  by  large  iron  nails  ;  parts  of  a  second  upper 
tier  of  posts  were  likewise  found  resting  on  the  lower  ones.  The 
space  thus  enclosed  was  divided  into  separate  compartments  by  septa 
or  divisions  that  intersected  each  other  in  different  directions  ;  these 
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also  were  fonued  of  oaken  beams  in  a  good  state  of  preservation, 
joined  together  with  greater  accuracy  than  the  former,  and  in  some 
cases  having  their  sides  grooved  or  rabbeted  to  admit  large  panels 
driven  down  between  them.  The  interiors  of  the  chambers  so  formed 
were  filled  with  bones  and  black  moory  earth,  and  the  heaps  of  bones 
was  raised  up  in  some  places  within  a  foot  of  the  surface." 

The  animals  whose  remains  were  thus  preserved  were  principally 
oxen,  horses,  asses,  pigs,  sheep,  goats,  deer,  dogs  and  foxes.  Some 
human  bones  were  also  found. 

Nearly  one  hundred  lake-dwellings  have  been  discovered  in 
Ireland,  and  about  the  same  number  is  recorded  as  having  received 
more  or  less  attention  in  Scotland ;  of  the  latter  fifty  are  entirely 
built  of  wood,  and  the  remainder  wood  and  stone  combined  or  other 
materials.     The  Scotch  Crannoges,  in  all  essential  particulars,  are 
similar  to  those  of  Ireland,  and  were  probably  erected  by  the  branch 
of  the  Celtic  people  who  migrated  northwards,  whilst  those  of  Ireland 
and  Wales  were  the  result  of  the  influx  of  the  Celtic  element  in  its 
extension  westwards.     **  The  ordinary  construction  of  the  Crannoge 
proper"  says  Dr.  Stuart  "  was  by  logs  of  wood  in  the  bed  of  the  lake, 
supporting  a  structure  of  earth  and  stones,  or  of  a  mixture  of  both, 
the  mass  being  surrounded  by  piles  of  young  oak  trees  in  the  bed  of 
the  lake,  the  inner  row  of  which  kept  the  island  in  shape,  and  the 
external  rows  acted  as  defences  and  breakwaters."    Dr.  Monro  aft^r 
prolonged  investigation  and  experience  was  able  to  supplement  the 
description  given   above  as  follows  : — For  defence  and  protection 
which  I  presume  no  one  will  doubt,  were  the  primary  objects  of  these 
islands,  a  small  mossy  lake,  with  its  margin  overgrown  with  reeds  and 
grasses,  and  situated  in  a  secluded  locality  amidst  the  thick  meshes 
of  the  primeval  forest  of  those  days,  would  present  the  most  desirable 
topographical  condition«.     Having  fixed  on  such  a  locality  the  next 
consideration  would  be  the  selection  of  materials  for  building  the 
island.     In  a  lake  containing  the  soft  and  yielding  sediment  due  to 
decomposed  vegetable  matter,  it  is  manifest  that  any  heavy  substance^ 
as  stones  and  earth,  would  be  totally  inadmissible  owing  to  thei 
weight,  so  that  solid  logs  of  wood,  provided  there  was  an  abundaa.^ 
supply  at  hand,  would  be  the  best  and  cheapest  material  that  coul^i 
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be  used.  To  construct  in  ten  or  twelve  feet  of  water,  float- 
ing over  a  quagmire,  a  solid  compact  island,  with  a  circular  area  of 
100  feet  or  more,  and  capable  of  enduring  for  centuries  as  a  retreat 
for  men  and  animals,  was  a  work  requiring  no  small  amount  of 
engineering  and  meclijuiical  skill  on  the  part  of  these  early  Crannoge 
builders.  The  metliod  of  procedure  suggested  by  Dr.  Monro  is  that 
immediately  over  the  chosen  site  a  circular  raft  of  trunks  of  trees,  laid 
above  branches  and  brushwood  was  formed,  and  above  it  additional 
layers  of  logs,  together  with  stones,  gravel,  etc.,  were  heaped  up  till 
the  whole  mass  grounded.  As  this  process  went  on  upright  piles, 
made  of  oak  and  of  the  required  length,  were  inserted  into  prepared 
holes  in  the  structure,  and  probably  also  a  few  were  inserted  into  the 
bed  of  the  lake.  When  a  sufficient  height  above  the  water  line  was 
attained  a  prepared  pavement  of  oak  beams  was  constructed,  and 
mortised  beams  were  laid  over  the  tops  of  the  encircling  pilea,  which 
bound  them  firmly  together.  When  the  skeleton  of  the  island  was 
thus  finished  a  superficial  barrier  of  hurdles,  or  some  such  fence,  was 
erected  close  to  the  water.  Frequently  a  wooden  gangway,  probably 
submerged,  stretched  to  the  shore,  by  means  of  which  secret  access  to 
the  Crannoge  could  be  obtained  without  the  use  of  a  canoe. 

The  remains  of  pile  structures  were  exposed  near  London  Wall 

in  18G6,  when  excavations  were  made  for  the  foundation  of  a  wool 

warehouse ;  associated  with  the  piles  there  was  a  large  number  of 

various  implements  of  a  comparatively  modern  date,  together  with 

Roman  coins  which  had  been  used  by  the  inhabitants. 

The  lake-dwellings  of  Holderness  bear  the  impress  of  greater 
age  than  any  others  in  the  British  Islands,  and  they  are  of  sufficiently 
characteristic  structure  to  distinguish  them  from  the  island-like 
i.'rannoges  of  Ireland  and  Scotland.  The  ancient  people  who  built 
^hem,  having  found  a  suitable  situation,  proceeded  to  cut  down  large 
trees  by  means  of  their  nide  flint  axes ;  these,  cleared  of  branches, 
were  dragged  to  the  lake  side,  and  in  five  or  six  feet  of  water  weie 
Wd  horizontally  along  the  bottom,  and  held  there  by  stakes  driven 

• 

^to  the  sandy  or  peaty  shore.  The  level  of  the  platform  was  raised 
"y  means  of  smaller  trunks  and  branches  to  the  level  of  the  water, 
*^  au  even  surface  obtained  by  twigs,  gravel,  and  sand.     On  this 
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there  was  probably  erected  a  number  of  huts.  As  to  the  character  of 
the  huts  there  is  no  information.  The  several  operations  in  connec- 
tion with  so  laige  an  undertaking,  conducted  by  a  people  possessing 
no  mechanical  appliances  and  only  the  rudest  tools,  implies  a  large 
amount  of  intelligent  co-operation,  and  consequently  a  comparatively 
advanced  stage  of  civilization.  The  men  appear  for  the  most  part  to 
have  been  peaceable  and  industrious,  dividing  their  time  between  the 
chase  and  the  cultivation  of  the  soil ;  whilst  the  women  attended  to 
household  duties,  cooked  the  flesh  of  animals  caught  in  the  chase,  or 
pounded  the  com  with  rounded  stones  to  make  bread.  Probably 
they  spun  the  wool  of  sheep,  as  indicated  by  the  presence  of  whorl 
stones,  and  made  a  coarse  cloth.  But  the  skin  of  the  sheep  with  the 
wool  attached  was  most  likely  to  be  the  ordinary  covering  for  the 
body.  They  appear  to  have  had  all  the  essential  elements  of  happi- 
ness, and  unfettered  by  the  trammels  of  the  intensely  complicated 
civilization  of  their  successors  of  subsequent  centuries,  to  have 
pursued  a  tranquil  and  easy  existence.  This  picture  has  its  shadows, 
and  no  doubt  occasional  disagreements  arose,  and  neighbouring 
tribes  would  quarrel  and  fight ;  or  perhaps  combine  against  some 
more  distant  foe.  After  such  engagements  there  is  the  probability 
that,  like  nearly  all  existing  peoples  in  a  similar  stage  of  development 
from  rudest  barbarism,  the  captives  were  killed.  The  presence  of 
the  skull  and  bones  of  a  human  being  amongst  the  debris  found  in 
the  excavations  of  the  lake-dwelling  at  Ulrome,  as  well  as  other 
evidences  in  the  neighbouring  Wolds,  goes  a  long  way  to  show  that 
the  people  were  cannibals. 

Mention  has  been  made  of  the  principal  lake-dwellings  found  in 
the  British  Islands ;  it  would  be  interesting,  did  space  permit,  to 
trace  their  relationship  with  others  found  on  the  Continent  of  Europe, 
and  more  especially  with  those,  the  remains  of  which  exist,  on  the 
shores  of  the  lakes  of  Switzerland,  so  admirably  investigated  and 
described  by  Dr.  Ferdinand  Keller,  and  which  have  aflforded  so  good 
an  opportunity  for  investigation  during  the  past  year  by  the  low 
level  of  the  waters  of  Lake  Constance.  The  Swiss  lake-dwellingas 
are,  with  few  exceptions,  of  an  older  type  than  those  found  in  GreaCk 
Britain,  and  extend  throughout  the  stone  age,  the  succeeding  perio«d^ 
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characterized  by  the  use  of  bronze,  and  to  the  earlier  stages  of  iron. 
Dr.  Keller  considers  that  the  Swiss  lake-dwellers  were  a  branch  of 
the  great  Celtic  family  which  occupied  Central  Europe  prior  to  the 
incursions  of  the  Romans,  and  it  is  also  the  opinion  of  Dr.  Monro 
and  others  that  all  the  pile  dwellings  in  this  country  were  erected  by 
the  Celt43,  or  Brit- Welsh  as  they  have  been  styled,  who  occupied  the 
country  in  pre-historic  times.  If  such  be  the  fact,  the  relative  age 
of  the  structures  in  Holdemess  as  compared  with  those  of  Scotland 
and  Ireland  would  be  the  natural  result  of  the  migration  of  that 
people  we.stwards.  Their  first  access  to  the  country  was  gained  on 
the  east  coast,  and  the  pile-dwellings  found  in  the  eastern  counties 
and  in  Yorkshire  were  probably  the  first  erected.  As  the  Celts  were 
driven  westward  and  northward  by  the  incursions  of  succeeding 
nationalities  they  crossed  over  to  Wales,  Ireland,  and  Scotland,  and 
erected  pile-dwellings  or  Craunoges  in  those  countries.  It  is  probable 
that  the  Holdemess  dwellings  were  in  a  state  of  disuetude  before  the 
historic  period  ;  they  contain  no  traces  of  any  objects  of  Roman  or 
other  civilized  manufacture.  On  the  other  hand  those  of  Ireland  and 
Scotland  are  known  to  have  been  used  as  places  of  habitation  and  for 
defensible  retreats,  as  recently  as  the  sixteenth  or  seventeenth  centuries. 
The  pile-dwelling  found  near  the  old  walls  of  London  is  also  compara- 
tively modem  as  compared  with  those  of  Holdemess,  and  is  replete 
with  objects  hearing  the  impress  of  the  Roman  occupation.  It  indi- 
cates a  period  when  that  part  of  the  city  was  neither  more  or  less 
than  a  great  bog  extending  from  the  banks  of  the  Thames. 

It  appears  that  the  people  in  those  oM  days  adapted  themselves 
t<i  the  circumstances  of  their  environment  ver}'  much  as  the  savage 
nations  of  the  present  day  do  in  New  Guinea,  in  parts  of  Africa,  and 
in  other  places.  Where  the  country  is  full  of  lakes  and  of  a  wet  and 
Iwggy  character  the  inhabitants  have  found  it  necessary  to  provide  a 
dwelling  place  raised  above  the  water,  and  this  has  been  done  by 
driving  piles  into  the  soft  ground  and  building  on  the  top  of  them. 
At  the  same  time  their  neighbours,  of  the  same  tribe,  under  more 
favonrable  circumstances,  have  erected  their  hut«<  on  the  adjacent 
*y  land. 
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THE  FUTURE   EXTENSION   OF  THE  SOCIETY.      BY   THE  MARQUIS 

OF  RIPON,    (president). 

The  President,  in  moving  the  adoption  of  the  Annual  Report, 
congratulated  the  Society  upon  its  position.  The  Society  continued  to 
hold  its  own  as  regarded  numbers,  though  he  might  remark  that  it  was 
not  in  the  nature  of  scientific  societies  of  that  description  to  increase 
their  number  of  members  to  any  large  extent.  Indeed,  he  did  not 
know,  from  one  point  of  view,  whether  they  should  very  much 
desire  any  sudden  increase  in  the  number  of  members  of  a  society  of 
that  description,  because  what  they  wished  was  the  benefit  of  the 
Society,  and  it  was  certainly  of  some  importa^nce  that  the  Society 
should  be  composed  of  men  who  were  interested  in  the  investigations 
and  work  of  science.  What  they  wished  to  see  was  a  steady  advance. 
There  was  one  matter  alhided  to  in  the  report  wliich  was  of  vitul 
interest  to  the  Society,  and  tliat  was  tlie  assistance  they  received 
from  their  local  secretaries.  All  of  them  who  had  been  connected 
with  the  Society  knew  very  well  that  Mr.  Davis  had  done  a 
good  work,  and  that  his  services  l)ad  been  of  the  most  valuable 
character.  An  allusion  had  also  been  made  to  the  histor}'^  of  the  last 
fifty  years  of  the  Society ;  we  celebrated  its  jubilee  last  year.  Lookino^ 
back  over  the  last  fifty  years,  as  they  were  called  upon  to  do  on  that 
occasion,  they  felt  that  the  work  which  had  been  done  in  the  half 
century  was  not  at  all  discreditable  to  the  Society  in  whose  interests 
they  were  now  met,  and  it  was  very  desirable  that  an  adequate  record 
should  be  kept  of  the  proceedings  during  the  period  he  had  named. 
The  aggregate  of  these  investigations,  when  tliey  were  brought  together, 
as  they  would  be  in  the  book  or  histor}'^  referred  to,  would  become  of 
real  value,  real  scientific  value,  and  it  would  be  recognized  by  scientific 
men  when  they  were  able  to  read  the  record  of  those  labours.  He  wa«^ 
fiirther  led  to  refer  t^  the  investigations  conducted  by  the  Society 
with  regard  to  the  coal-fields  of  Yorkshire.  Plans  and  maps  had 
been  prepared  by  members  of  the  Society  before  tlie  Geological 
Survey  was  entered  upon,  and  from  those  facts  it  became  evident  the 
efforts  of  the  Society  had  not  only  been  in  the  interests  of  the  geo- 
logical investigations,  but  that  the  interests  of  commerce,  the  com- 
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mercial  interests  of  that  great  mining  district,  had  been  advanced  ; 
and  the  record  could  not  fail  to  be  interesting,  not  only  to  men  of 
science,  but  also,  he  should  imagine,  to  those  who  were  engaged  in  the 
industry  of  coal  mining.     His  Lordship  then  alluded  to  that  portion  of 
the  report  having  reference  to  the  efforts  which  had  been  made  with 
respect  to  pre-historic  phenomena,  and  he  said  the  labours  in  that 
direction  not  only  marked  the  progress  that  had  been  made,  but  indi- 
cate<l  the  way  in  which  further  advances  might  be  made.  He  mentioned 
the  fact  that  men  of  high  reputation  in  the  scientific  world  had  honoured 
the  Society  and  acknowledged  its  utility.     The  report  spoke  of  the 
investigations  which  had  been  made  of  the  sea-beach  at  Bridlington. 
They  made  a  grant  of  £10  for  those  investigations,  and  the  British 
Association  had  made  a  further  grant  of  £20.     He  thought  that  was  a 
proof  that  the  investigation  was  conducted  in  the  right  direction. 
He  congratulated  the  Society  upon  the  faet  that  the  British  Associa- 
tion, in  appointing  a  committee  to  consider  and  report  upon  the  Pre- 
historic Remains  of  the  ancient  inhabitants  of  Great  Britain,  chose 
among  the  number  Mr.  Davis,  the  secretary  of  their  own  Society. 
The  report  reminded  liim  that  their  Society  had  lost  the  services  of 
Professor  Green,  who  hmi  obtained  and  well  deserved  a  promotion 
which  carried  his  talents  to  the  University  of  Oxford  as  their  geo- 
logical professor.     They  might  well  be  gratified  that  one  of  their 
number  had  been  thought  fit  and  worthy  to  fill  such  an  important 
office  as  that  to  which  Professor  Green  had  been  called.     There  was  a 
matter  connected  with  the  work  of  the  future  of  that  Society  upon 
which  he  would  like  to  say  a  few  words.    He  could  not  help  thinking 
rtat  the  future  utility  of  the  Society  might  be  considerably  enhanced, 
ffe  l>eHeved  it  would  be  a  very  good  thing  if  the  Society  could  be 
'^'xiught  into  direct  communication  with  more  purely  local  Societies  ; 
'^  Mrould  require  a  certain  amount  of  diplomacy  on  the  part  of  those 
^ho  undertook  to  carry  it  out.     There  were  geological  field  clubs  which 
^^8ted  in  many  other  places,  and  if  such  could  be  affiliated  to  the 
^^vinty  Society  and  worked  to  a  certain  extent  in  combination  with 
^^»  then  the  advantages  to  both  as  the  result  of  such  a  union  would  be 
S^'eat.    It  would  be  advantageous  because  such  an  arrangement  would 
^^^doubtedly  increase  the  interest  in  their  work.     If  they  had  such  an 


1 1 6  MARQUIS  OF   RIPON  :   FUTURE  EXTENSION. 

affiliation  of  bodies,  large  and  small,  in  different  parts  of  the  county, 
the  members  of  which  were  engaged  in  scientific  investigation,  they 
would  be  likely  to  take  a  deeper  interest  in  their  work  than  they  do  at 
present.     Another  advantage  following  such  an  arrangement  would 
be  gained  by  the  general  cause  of  science,  for  there  would  be  a 
greater  certainty  of  securing  a  full  and  adequate  record  of  the 
scientific  investigation  going  on  and  the  facts  brought  to  light  by  that 
research.     It  might  be  very  difficult  to  estimate  the  real  value  of  any 
scientific  fact  of  which  they  acquired  the  knowledge.    The  fact  which 
might  at  first  seem  of  little  value  might  bring  out  the  true  principle, 
and  the  result  would  be  an  advance  of  the  cause  of  science  in  a  way 
they  had  not  been  expecting.     It  was  the  duty  of  every  student  of 
science  to  record  in  his  own  note-book  every  scientific  fact  he  could 
add  to  those  previously  known.     He  need  not  dwell  upon  the  advan- 
tages to  be  gained  by  the  combination  and  co-operation  of  the  larger 
bodies  with  the  smaller.  Whether  the  movements  were  political,  social, 
or  scientific,  they  would  all  agree  that  combination  and  co-operation 
would  tend  to  the  furtherance  of  those  objects.     It  was  true  with 
regard  to  scientific  inquiries,  as  it  was  in  any  other  work  going  on  in 
the  country,  that  if  tliere  could  be  a  direct  interchange,  and  com- 
munication, it  worked  to  tlie  advantage  of  all  concerned.     There  were 
connected  with  those  local  bodies  many  members  who  were  not  suffi- 
ciently possessed  of  this  world's  goods  to  be  able  to  pay  the  subscription 
demanded  by  their  Society.    They  ought  to  offer  such  men  every  means 
of  making  themselves  acquainted  with  the  proceedings  of  their  Society. 
He  had  been  induced  to  make  those  remarks  in  the  hope  that  prac- 
tical steps  would  be  taken  with  a  view  of  making  some  arrangements  by 
which  the  local  bodies  might  be  offered  an  affiliation  upon  the  pay- 
ment of  a  certain  annual  subscription  on  behalf  of  the  Society.     He 
was  disposed  to  think  that  if  an  arrangement  of  that  kind  were 
effected,  the  members  of  the  affiliated  Societies  might  be  permitted 
to  attend  the  meetings  of  the  Yorkshire  (leological  and  Polytechnic 
Society.     In  conclusion,  his  Lordship  said  that  both  as  regarded  the 
balance-sheet  and  the  general  details  of  the  report,  the  report  was 
one  with  which  they  miglit  well  be  satisfied. 
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TJie  number  of  members  remains  the  same  this  year  as  last. 

The  Society  has  elected  au  additional  eleven  members  during  the 

year,  and  has  lost  three  by  death,  one  of  whom,  Mr.  Thomas  Lister, 

had  been  local  secretary  at  Bamsley  for  many  years  ;  his  loss  is  felt 

very  much ;  eight  members  have  retired. 

Three  meetings,   including  the   present  one,  have  been  held 
during  the  year.     The  first  was  at  Leeds  on  June  27th,  at  the 
Philosophical  Hall,  when  Professor  A.  H.  Green,  F.R.S.,  occupied  the 
chair,  and  papers  were  read  by  the  Rev.  E.  Maule  Cole,  M.  A.,  Messrs. 
C.  E.  De  Ranee,  and  Geo.  W.  Lamplugh.    After  the  meeting  the 
Society  liad  the  pleasure  to  entertain  Professor  Green  at  dinner  at 
the  Great  Northern  Hotel,  on  the  occasion  of  his  leaving  the  York- 
shire College  to  accept  the  Chair  of  Geology  at  Oxford  University. 
The  President  of  the  Society,  the  Man[iiis  of  Ripon,  occupied  the 
chair.    Amongst  those  present  were  Principal  Bodington,  Professors 
Miall,  Smithells,  Barr,  Lupton,  Messrs.  De  Ranee,  0.  Nussey,  C.  E. 
Bousfield,   and  others,  together  with  about  fifty  members  of  the 
Society.      Apologies  for  unavoidable  absence  were   received  from 
Professors   Greenwood,   Williamson  and  Boyd  Dawkins,  who  were 
detained  by  a  college  meeting  at  Owen's  College,  and  from  Professor 
T.  McKenny  Hughes,  of  Cambridge. 

The  second  was  a  combined  meeting  and  excursion,  and  took 

piace  on  Wednesday,  August  29th.     The  members  met  at  Skipton, 

Attd  were  joined  by  the  members  of  the  Skipton  Naturalists  and 

Scientific  Association.     The  party,  about  forty  in  number,  proceeded 

•  

^o.  conveyances  to  Thorpe,  and  visited  the  Elbolton  Cave.     Consider- 

*l>le  time  was  taken  in  its  investigation,  and  a  large  number  of  bones 

^^  men  and  animals  were  obtained.     The  Rev.  Mr.  Jones,  of  Embsay, 

^  xnember  of  the  Skipton  Society,  read  a  paper  on  the  Recent  Dis- 

^^o^eries  in  the  Elbolton  Cave,  which  will  be  found  in  the  proceed- 

^^^€8  of  the  Society.    The  Mountain  Limestone  of  the  neighbourhood 

^^  rich  in  fossils  ;  many  examples  were  collected.     The  conveyances 

^H)re  the  party  thence  to  Bumsall  in  Wharfedale,  where  dinner  was 
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provided,  A  meeting  was  aftenvards  held  at  which  papers  were  com- 
municated by  Mr.  6.  R.  Vine  on  the  Classification  of  the  Palieo7X)ic 
Polyzoa,  and  by  Mr.  W.  J.  E.  Binuie  on  the  Mesozoic  Rocks  of  tlie 
N.E.  coast  of  Ireland.  After  the  meeting  the  drive  was  continued 
by  Bardon  Tower  and  Bolton  Woods  to  Skipton.  The  excursion  was 
much  enjoyed. 

The  third  meeting,  which  was  the  annual  one,  wjis  held  in  tlie 
Lecture  Theatre  of  the  Philosophical  Society,  Halifax,  on  Tuesday, 
December  18th,  at  3-0  p.m.  The  President,  the  Marquis  of  Ripon, 
occupied  the  chair.  The  usual  business  of  the  animal  meeting  was 
transacted,  and  papers  read  by  Mr.  J,  Spencer,  on  Granite  Boulders  in 
Coal ;  Mr.  J.  W.  Davis,  on  Lake  Dwellings ;  and  by  Mr.  G.  R.  Vine, 
Part  I  of  a  Monograph  of  Yorkshire  Carboniferous  and  Permian 
Polyzoa.  After  the  meeting  the  members  dined  together  at  the 
White  Swan  Hotel ;  the  Marquis  of  Ripon  ])residing. 

To  the  Honorary  Local  Secretaries  the  Society  is  greatly  indebted ; 

to  their  energetic  action  much  of  it«  success  must  be  attributed. 

The  following  list  specifies  the  localities  and  those  in  charge  : — 

Thos.  Tate,  F.G.S.,  5,  Bogby  Road,  LeedH 

Or.  W.  Lamplngh,  Bridlington  Qaay 

Thomas  Ormerod,  Brighoose 

Rev.  E.  M.  Cole,  M.A.,  Wetwang 

Geo,  Patchett,  Janr.,  Halifax 

R.  Peach,  Harrogate 

P.  SykeB,  33,  Estate  Baildings 

S.  A.  Adamson,  F.G.S.,  52,  Well  Close  Terr-s 

W.  Home,  Leyburn 

W.  Gregson,  Baldersbj,  Thirsk 

H.  M.  Platnaaer,  The  Maseam,  York. 

The  proceedings  and  memoirs  of  the  learned  Societies,  whc^ 

names  are  appended,  are  forwarded  to  this  Society  ;  in  e.xchange,  o 

proceedings  are  sent  to  them.    The  thanks  of  the  Society  are  due  a- 

hereby  tendered  to  those  Societies  for  their  respective  contributioi 

Essex  Naturalists  Field  Club 

Norwich  Geological  Society 

Memorias  de  la  Sociedad  Cientifica  "Antonio  Alzate  "  Mexico 

Yorkshire  ArchsBological  and  Topographical  Society 

Warwickshire  Natural  History  and  Archaeological  Society 

Royal  Society  of  Tasmania,  Van  Dieman*s  Land 

Royal  Dublin  Society 


Bradford 

Bridlington      

Brighouse... 

Driffield     

Juiaiirax      ...     «••     ...     ... 

Harrogate 

Huddersfield    

Leyburn  and  Wensleydale 

^XIIXdK  •••         •••         •••         ••■ 
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Royal  Historical  and  Arcfaaaologioal  Aasociatioii  of  Ireland 

Oeologista'  ABSociation,  London 

Manchester  Geolog^cnl  Society 

Literary  and  Philosophical  Society,  Liverpool 

Royal  Institation  of  Cornwall 

Royal  Geological  Society  of  Ireland 

Midland  Naturalist,  Birmingham 

Academy  of  Natural  Sciences,  Philadelphia,  U.S.A. 

Natnrhistorischen  Hofmiiseum,  Wien,  Austria 

Societie  Imperiale  des  Naturalistes,  Moscow 

United  States  Geological  Survey  of  the  Territories,  Washington 

Boston  Society  of  Natural  History,  U.S.  America 

Hull  Literary  and  Philosophical  Society 

Connecticut  Academy  of  Arts  and  Sciences 

Academy  of  Science,  St.  Louis,  U.S.  America 

Historical  Society  of  Lancashire  and  Cheshire 

Geological  Society  of  London 

Royal  University  of  Norway,  Christiana 

Soci^td-Geologique  du  Nord,  Lille 

Royal  Society  of  Edinburgh 

Royal  Geological  Society  of  Cornwall 

Royal  Physical  Society  of  Edinburgh 

O^ersigt  over  det  Konigelige  Danske  Videnskabernes  Selskabs,  Kjopenhavn 

Museum  of  Comparative  Zoology,  Cambridge,  U.S. A. 

Watford  Natural  History  Soci^y  and  Hertfordshire  Field  Club 

Birmingham  Natural  History  and  Miorosoopical  Society 

Bristol  Naturalists'  Society 

Leeds  Geological  Association 

Patent  Office  Library,  London 

Powis  Land  Naturalists*  Club,  Aberystwith 

American  Philosophical  Society,  Philadelphia,  U.S.A. 

Comit6  Geologique  de  Russie,  St.  Petersberg 

EUsha  Mitehell  Scientific  Society,  Chapel  Hill,  U.S.  America 

The  history  of  tlie  fifty  years  existence  and  work  of  the  Society, 
^^itli  biographical  notices  of  some  of  its  prominent  members  who  are 
'^■^cea.sed,  is  rapidly  approacliing  completion,  and  will  probably  be 
E^lB.ced  in  the  hands  of  members  during  the  early  months  of  the 
y'^a.T.  It  has  assumed  somewhat  larger  proportions  than  was  antici- 
l^^t^,  and  in  consec^uence  of  the  expense  incurred  in  its  passage 
^l^rough  the  press  your  Council  have  decided  to  recommend  that  no 
Pl^otograph  be  issued  with  the  proceedings  of  the  current  year. 

An  exploration  of  the  ancient  Sea  Beach  at  Sewerby,  near 
^Hdliugton,  was  commenced  by  this  Society  under  the  charge  of 
^lessrs.  Lamplugh  and  Boynton,  with  a  grant  of  £10 ;  a  report  of 
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their  labours  appeared  in  last  year's  proceedings.  The  investigation 
has  been  continued  during  the  present  year,  the  expenses  being 
defrayed  by  a  grant  firom  the  British  Association.  Important  results 
have  accrued,  and  a  description  of  some  of  these  will  be  found  in 
Mr.  6.  W.  Lamplugh's  paper  read  at  the  Annual  Meeting. 

Your  Honoran*  Secretary  attended  as  a  delegate  represeutiug 
this  Society  at  the  meeting  of  corresponding  societies  of  the  British 
Association  at  Bath.  A  farther  report  of  the  pre-historic  evidences 
of  the  existence  of  man  in  the  British  Islands  was  presented,  coudist- 
ing  of  a  voluminous  report  from  the  Rev.  J.  !M.  Mello,  M.  A.,  relatiu 
to  Derbyshire. 

The  Treasurer  s  iiuancial  statement  is  appended. 


BALANCE  SHEET 
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MINUTES  OF  MBBTINOS. 

Afeetinrf  oftlui  Council  May  9th,  1888,  at  the  Museum,  LeeiU 

Present— Mr.  T.  W.  Euibleton,  in  the  chair  ;  Messrs,  Reynol 
Gray,  Tate,  and  Davis. 

The  minutes  were  read  and  contirmed. 

Mr.  Reynolds  reported  tliat  he  had  made  enquiries  respect 
tlie  early  Minute  Books  of  the  Society,  but  without  success.     A 
of  members  in  1871  was  obtained  from  Prof,   Miall,  together  w 
some  copies  of  the  Rules,  printed  in  1840. 

Mr.  (jray  proposed  and  Mr.  Reynolds  seconded  that  the  foll< 

ing  accounts  be  paid  : — 

£ 
Meissenbach  &  Co.  ..  ...       7 

Autotype  Co.  ...  10 

Mintern  Bros.  ...  ...  8 

.1.  W,  Shores  ...  ..  1 

Wormald  Bros.  ...  . .  0 

W.  Townend  ...  ...  1 

J.  Potterton  (reporter)  ...  ..  3 

A  letter  liaving  been  read  from  Mr.  Husband,  the  Secretiiry 
the  Yorkshire  College,  stating  that  this  Society  lias  been  placed 
the  list  entitle<l  to  appoint  a  Governor  on  the  Board  of  Governors 
the  Yorkshire  College,  and  requesting  that  one  be  appointed,  it  y 
resolved  on  the  motion  of  Mr.  Tate,  seconded  by  Mr.  Gray, 

That  Richard  Carter,  Esci.,  C.E.,  be  appointed. 

It  was  resolved  that  the  next  meeting  be  held  at  Leeds  in  Ju 
and  that  after  the  meeting  Professor  A.  H.  Green  be  entertained 
dinner  by  the  Society.  That  the  dinner  be  at  the  Great  North- 
Hotel,  and  that  members  be  allowed  to  invite  or  take  tickets  for  frieu 

That  the  following  gentlemen  be  invited  by  the  Society,  \\z. 
Principal  Bodington,  Professors  Miall,  Barr,  Lupton,  and  Smithe 
of  the  York.shire  College ;  Principal  Greenwood,  Profes.sors  Williauu 
and  Boyd  Dawkins,  of  Owen's  College,  and  Professor  Hughas, 
Cambridge ;  and  that  the  President,  the  Man^uis  of  Ripon,  be  request 


s. 

d. 

12 

0 

10 

0 

15 

0 

6 

8 

2 

9 

6 

0 

10 

0 

MINUTES.  123 

to  preside,  and  that  the  Hon.  Sec.  make  such  preliminary  arrangements 
as  may  be  necessary,  and  afterwards  call  t4:>gether  the  Council  again. 

Meeting  of  the  CouitcH  at  the  Museum,  Leeds,  June  6th,  1888, 

Present  :  W.  Cheetham,  Esq.,  in  the  chair  ;  Messrs.  Peach, 
Platuauer,  Adamson,  Bedford,  Tate,  Parke,  Rowley,  Reynolds,  and 
Davis.     Apologies  were  read  from  Mr.  Eddy  and  Mr.  Carter. 

The  minutes  of  the  last  meeting  were  read  and  confirmed. 

The  Hon.  Secretary  reported  that  the  President,  the  Marquis  of 
Ripou,  could  not  preside  at  the  meeting  to  be  held  in  June,  and 
further  that  Lord  Houghton  had  been  communicated  with  and  that 
he  also  wjvs  prevented  from  presiding  by  engagements  already  made. 

On  the  motion  of  Mr.  Parke,  seconded  by  Mr.  Peach,  it  was 
resolveil  that  R.  Carter,  Esc^.,  C.E.,  J. P.,  be  requested  to  preside. 

Mr.  Platnauer  prup<jsed  and  Mr.  Adamson  seconded  that  the 
date  for  the  ne.xt  meeting  be  June  27th,  at  3-0  p.m. 

Resolved  that  Messrs.  De  Ranee,  Lamplugh,  and  the  Rev.  E. 
Maule  Cole  read  papers  at  that  meeting. 

Mr.  Parke  proposed  and  Mr.  Rowley  seconded  that  Mr.  J.  T. 
Atkinson,  F.G.S.,  of  Selby,  be  elected  a  member  of  the  Council  in  the 
place  of  Dr.  Wm.  Alexander,  deceased. 

The  Hon.  Secretary  reported  that  the  Council  of  the  Leeds 
Philosophical  and  Literary  Society  had  intimated  their  intention  to 
charge  7s.  6d.  for  the  use  of  the  room  at  each  Committee  Meeting, 
The  Hon.  Secretary  was  requested  to  communicate  with  the  Leeds 
Philosophical  and  Literary  Society  thereon  ;  to  explain  the  relative 
position  of  the  two  societies  existing  hitherto  ;  and  to  request  tliat  the 
following  arrangement  be  renewed  and  maintained,  viz.. : — That  in  con- 
sideration of  the  collection  of  fossils,  &c.,  which  were  deposited  in  the 
Diuseuni  by  this  Society  still  remaining  there,  the  Yorkshire  Geo- 
logical and  Polytechic  Society  may  hold  meetings  of  its  members  or 
council  in  the  rooms  free  of  charge. 

General  Meetingy  Philosophical  Hall,  Leeds,  June  27th,  1888. 

Prof.  A.  H.  Green  took  the  chair,  on  the  motion  of  Mr.  Cheetham, 
8®conded  by  Mr.  Embleton.  An  apology  was  read  from  Mr.  Carter, 
*ho  was  too  unwell  to  be  present.  The  minutes  of  the  last  meeting 
^cre  read  and  confirmed. 
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The  following  geiitlemeu  were  proposed  members  of  the  Society 
and  duly  elected  : — 

J.  D.  Taylor,  Esii.,  Halifax. 
Rev.  J.  Critchison,  Elland. 
Sir  Tatton  Sykes,  Sleilmere,  York. 
Riley  Briggs,  Esii.,  Osgoodby  Hall,  Selby. 
Oswald  Dawson,  Ksq.,  Leeds. 
Henry  Seal,  Esc^.,  Vale  Head,  Knottingley. 
The  following  papers  were  read  : — 

C.  E.  De Ranee,  A.I.C.E.,  F.G.S.,  of  H.M.  Geol.  Survey,  "Notes  on 

the  age  of  the  Cave  deposits  of  the  Vale  of  Clwyd." 
Rev.  E.  Maule  Cole,  M.A.,  "  Notes  on  the  ancient  entreuduuents 

in  the  neighbourhood  of  Wetwang." 
G.   W.   Laniplugh,  Esq.,   "On  the  larger  boulders  of  Flambro' 

Head."     PartH. 
Discussion  follower  I  on  tlie  papers,  Messrs.  Lamplugh,  Tate, 
Green,  Seal,  (Jole  and  De  Ranee  taking  pai*t. 

After  the  meeting  the  members  and  friends  adjourned  to  the 
Great  Northern  Hotel,  where  the  Society  entertained  Professor 
A.  H.  Green,  F.R.S.,  F.G  S.,  at  dinner,  before  he  left  Leeds  and  the 
Yorkshire  College  to  conunenco  duty  at  Oxford.  The  President,  the 
Marquis  of  Ripon  presided,  and  was  supported  by  Principal  Bodiugton, 
Professors  Miall,  Lupton,  Smithells,  Barr,  and  others  from  the  York- 
shire College,  and  a  large  company.  Letters  of  apology  were  read 
from  Principal  Greenwood,  Professors  Williamson  and  Boyd  Dawkius, 
of  Owen's  College ;  from  Professor  Hughes,  of  Cambridge ;  and 
others.  The  health  of  Professor  Green  w^as  proposed  by  the  president, 
and  heartily  responded  to  ;  other  toasts  also  followed. 

Meeting  of  the  Council,  August  22nd,  1888,  Philosophical  Hall 
Leeds. 

Present,  Professor  A.  H.  Green  in  the  cliair ;  Messrs.  Bedford, 
Parke,  Cash,  Eddy,  Atkinson,  Adamson  and  Davis. 
The  minutes  were  read  and  confirmed. 

The  Honorary  Secretary  read  a  letter  from  the  Secretary  of  i\x^ 
Philosophical  and  Literary  Society  of  Leeds,  in  answer  to  that  of  tWe 
Honorary  Secretary  of  June  8th,  having  reference  to  the  charge  for  ase 
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of  rooms  at  the  Hall,  stating  that  the  council  of  the  Leeds  Society 
rescinded  the  resolution  to  charge  7s.  6d.   for  each  meeting,  and 
continued  the  arrangement  hitherto  subsisting  with  the  members  of 
the  Yorkshire  Geological  and  Polytechnic  Society  to  make  use  of 
their  rooms  free  of  charge. 

The  following  accounts  were  ordered  to  be  paid  :— 

s.  d. 
Yorkshire  Post  ...  ...     8    8 

Leeds  Mercury  ...  ...     7     (5 

E.  Cassino       ...  ...     8     7  (2  07  dols.) 

Mr.  J.  T.  Atkinson  proposed,  Mr.  G.  H.  Parke  seconded,  and 
it  was  carried,  that  the  arrangements  made  for  an  Excursion  to 
Elbolton  Cave,  Bumsall,  and  Thorpe  Fells  be  confirmed. 

Proposed  by  Mr.  Parke,  seconded  by  Mr.  Eddy,  and  carried,  that 
the  tender  submitted  by  Messrs.  Whitley  &  Booth,  for  printing  400 
copies  of  the  Historical  Sketch  of  the  Society,  uniform  with  its  Pro- 
ceedings be  accepted. 

Proposed  by  Mr.  Cash,  seconded  by  Mr.  Atkinson,  and  carried, 
that  no  photograph  be  issued  with  the  current  year's  Proceedings. 

General  Meeting  and  Excursion  to  Elbolton  Cave,  Thorpe, 
Bumsall  and  Barden,  August  29th,  1888.  Thirty  members  and 
friends  were  met  at  the  Skipton  Station  by  the  members  of  the  Craven 
Naturalists'  Society  with  conveyances.  At  Skipton  the  party 
inspected  the  collection  of  bones  from  Elbolton  Cave,  and  a  number 
of  Mountain  Limestone  Fossils  exhibited  by  Rev.  Ed.  Jones  and  the 
Ciaven  Naturalists'  Society  at  the  Town  Hall.  The  party  drove  to 
Thorpe  Fells,  and  visited  the  cave  in  Elbolton  Hill,  and  thence  to 
Bumsall.     Dined  at  the  Red  Lion  Inn. 

A  meeting  was  held  on  the  Bridge  at  Burnsall.     Mr.  T.  W. 
Bnbleton  was  voted  to  preside. 

On  the  proposition  of  the  Hon.  Secretary,  seconded  by  Mr.  W. 
Rowley,  Messrs  R.  Moffatt  Kerr,  Solicitor,  Halifax,  and  Brook  Rowley, 
Weymouth  Street,  Halifax,  were  elected  members  of  the  Society. 
The  following  papers  were  read  : — 
Rev.  Ed.  Jones,  "  On  the  Recent  Discoveries  at  Elbolton  Cave 
in  Thorpe  Fells." 
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G.  R.  Vine,  Rsti.,  "  On  the  Classitication  of  tlie  PalaK)zoic  Polyzoa." 

W.  J.  E.   Binnie,  Esq.,  "  On  the  Mesozoic  Rocks  on  the  N.E. 
t'Oast  of  Ireland." 

A  vote  of  thanks  was  ])roposed  to  the  Skipton  Naturalists' 
Society  and  to  the  Rev.  Ed.  Jones  for  their  kind  assistance  in 
arranging  the  visit  to  the  cave,  and  the  paper  thereon,  by  Mr.  Cheet- 
ham,  seconded  by  Mr.  J.  E.  Bedford,  and  carried  with  acclamation. 

A  vote  of  thanks  to  the  chairman  concluded  the  proceedings. 

The  party  drove  by  way  of  Barden  Tower  and  Bolton  Abbey, 
one  section  returning  by  the  Ilkley  route,  and  the  remainder  con- 
tinuing to  Skipton. 

Meeting  of  the  Council  Philosophical  Hall,  Leeds,  Oct.  24th,  IHhS. 

Present:  R.  Carter,  Esq.,  J.P.,  in  the  chair  ;  Messrs.  Adamson, 
Eddy,  Cheetham,  and  Davis. 

Proposed  by  Mr.  Eddy,  seconded  by  Mr.  Cheetham,  that  the 
Marquis  of  Ripon  (president)  having  expressed  his  willingness  to 
preside  at  the  annual  meeting,  if  it  can  be  held  at  Halifax,  on  the 
18th  December, 

Resolved  that  his  liordship's  suggestion  be  accepted. 

Proposed  by  Mr.  Adamson,  seconded  by  Mr.  Cheetham,  that 
papers  be  accepted  from  Messrs.  Lamplugh,  Vine,  Tate,  and  Davis, 
t^)  be  read  at  the  annual  meeting. 

Annual  Meeting  fit  \\\Q  Museum  of  the  Philosophical  Society, 
Halifax,  December  18th,  1888,  at  3-0  p.m. 

The  President,  the  Manpiis  of  Ripon  K.G.,  presided. 

The  minutes  of  last  general  meeting  were  read  and  confirmed. 
Apologies  were  read  from  Messrs.  Rldy,  Skipton  ;  Atkinson,  Selby ; 
Lamplugli,  Bridlington  ;  Carter,  Harrogate  ;  and  others.     The  Hoii^ 
Secretary  read  the  Annual   Report  and  Bahuicc  Sheet.     The  nohl 
Chairman  gave  an  ad<lress,  and  proposed  the  adoption  of  the  report. 

The  Rt.  Hon.  James  Stansfeld,  M.P.,  seconded  the  propositio 
and  it  was  adopted. 

On  the  motion  of  Mr.  J.  W.  Davis,  seconded  by  Mr.  W.  Sto^  t, 
the  following  gentlemen  were  elected  members  of  the  Society  : — 

Mr.  H.  J.  Morton,  Scar])orough. 
Mr.  Samuel  Utley,  HaHfax. 
Mr.  William  Utley,  Halifax. 
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Proposed  by  Mr.  W.  Oheetham,  seconded  by  Mr.  J.  Davidson, 
and  carried,  that  the  Most  Noble  the  Marquis  of  Ripon  be  re-elected 
President. 

Proposed  by  Mr.  W.  Rowley,  seconded  by  Mr.  S.  T.  Rigge,  and 
carried,  that  the  Vice-Presidents  be  re-elected. 

Proposed  by  Mr.  J.  H.  Gray,  seconded  by  Mr.  J.  E.  Bedford, 
that  Mr.  J.  W,  Davis  be  re-elected  Honorary  Secretary,  and  that 
Mr.  William  Cash  be  re-elected  Treasurer. 

Proposed  by  Mr.  0.  Dawson,  seconded  by  Mr.  W.  Cash,  and 
carried,  that  the  following  gentlemen  be  the  Council. 

Atkinson,  J.  T.  Gray,  T.  H. 

Bedford,  J.  E.  Lupton,  Prof.  Arnold 

Carter,  R.  Parke,  G.  H. 

Cheethara,  W.  Reynolds,  R. 

Eddy,  J.  Ray  Rowley,  W. 

Embleton,  T.  W.  Strangways,  C.  Fox. 

Mr    Cheetham  proposed,   and   Mr.   W.   Stott  seconded,   that 
Messrs.  Eddy,  Rowley  and  Davis  be  requested  to  act  as  Delegates 
representing  this  Society  on  the  general  Local  Committee  to  arrange 
lor  the  meeting  of  the  British  Association  at  Leeds  in  1890. 
The  following  papers  were  presented  or  read  :  — 

G.  R.  Vine,    *'  A  Monograph  of  Yorkshire  Carboniferous   and 

Permian  Polyzoa." 
Jas.  W.  Davis,  "English  Lake-Dwellings." 
James  Spencer,  *'  On  the  Occurrence  of  Boulders  of  Granite  in 
the  Coal  Measures  near  Halifax." 

Mr.  Davis  proposed,  and  Mr.  Cheetham  seconded,  that  the 
Society  tenders  to  the  Council  of  the  Halifax  Literary  &  Philosophical 
Society  its  tlianks  for  the  use  of  the  Lecture  Theatre  in  which  to 
Wd  this  meeting. 

Mr.  Gray  proposed,  and  Mr.  Davidson  .seconded,  that  the  thanks 
of  the  meeting  be  accorded  to  the  Marquis  of  Ripon  for  presiding. 

After  the  conclusion  of  the  meeting  the  members  adjourned  to 
Ae  White  Swan  Hotel,  where  they  dined,  the  President  in  the  chair. 
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Summary   of    (teological    Literati: iit:  rklating  to  Yorkshire. 

Published  during  1888. 

Compiled  by  JAMES  W.  DAVIS. 

Ad  AMBON,  S.  A.    Notes  on  a  recent  discovery  of  Stigmaria  ficoides  at  Clayton, 

Torkshire.     Quart.  Joum.  (leol.  Roc.^  voL  xliv.,  p.  375. 
On  Bome  sections  exposed  in  making  the  Skipton  and  Ilkley 

Railway.     Proc.  Yorksh,  (ieoi.  and  Fol^L  Soc.,  N.S.,  vol.  ix.,  p.  363. 
Barrow,  Qeorob.    The  Geology  of  North  Cleveland     OeoU  Survey  Memmr, 

London,  1888. 
Bedford,  J.  E.    Notes  on  flint-flake  implements  fonnd  in  the  Isle  of  Man. 

Proc.  Yorksh.  Qeol.  and  Polyt,  Soc.^  N.S.,  vol.  ix.,  p.  369. 
Blake,  J.  F.    On  a  Starfish  from  the  Yorkshire  Lias.    Ilep.  Brit.  A  mot., 

Manchester,  1887,  p.  71G. 
BoTNTON,  Thomas.    On  the  bronze  implements  fonnd  in  the  East  Riding  of 

Yorkshire.     Proc.  Yorksh.  QeoU  and  Polyt  Sfoc,  N.S.,  vol.  ix.,  p.  426. 
Brownrtdge,  Charles.    On  the  occurrence  of  Qoartzite  and  other  Bonlders 

in  the  Lower  Coal  Measures  at  Wortley,  near  Leeds.    /&iV/,  p.  405. 
Casit,  William.    On  the  fossil  fruotifications  of  the  Yorkshire  Coal  Measures. 

Ibid,  p.  435,  pis.  22-20. 
Cole,  Rev.  E.  Maule.    Note  on  dry  valleys  in  the  chalk,    ibtd,  p.  318. 
CR088KET,  H.  W.,  and  others.    Report  on  the  position,  height  above  the  sea, 

lithological  character,  size  and  origin  of  the  Erratic  Blocks  of  England. 

kc.    Rep.  Brit.  Assoc. ^  Manchester,  1887,  p.  236.    (Yorkshire  Bonlder 

Committee) 
Davis,  James  W.    Note  on  a  fossil  species  of  Chlamydoselaohns.    Proc.  Yorksh. 

Gtoi  and  Polyt.  Soc.^  N.8.,  vol.  ix.,  p.  392. 
On  the  Discovery  and  Excavation  of  an  Ancient  Sea-Beach  near 

Bridlington  Qoay,  containing  Mammalian  Remains.    Rtp.  Brit.  Aasoc  , 

Manchester,  p.  694. 
On  the  ancient  flint-users  of  Yorkshire.     Proc.  Yorksh,  Qeol.  nn>l 

Pohjt.  Soc.f  N.S.,  vol.  ix.,  p.  41!. 

Sammary  of  Geological  Literature  relating  to  Yorkshire,  1887. 


Thid,  p.  490. 

and  others.    Report  on  the  Localities  of  the  British  Islands  in 


which  evidences  of  the  existence  of  Pre-historic  Inhabitants  of  the 

country  are  found.     Rep.  Brit.  Assoc.^  Manchester,  p.  168. 
Dawkins,  W.  Boyd.    On  the  Geography  of  the  British  Isles  in  the  Carboniferous 
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BIOGRAPHICAX  NOTICES  OF  EMINENT  YORKSHIRE  GEOLOGISTS. 
SO.  IV.      HUGH  EDWIN   STRICKLAND,  F.R.S.,  ETC.      BY  JAMES  W.   DAVIS. 

Hugh  Edwin  Strickland  was  the  second  son  of  Henry  Eustasius 
Strickland,  a  younger  son  of  the  late  Sir  George  Strickland,  Bart.,  of 
Boyuton,  and  Mary,  the  eldest  daughter  of  Edmund  Cartwright,D.D., 
P.RS.     He  was  born  on  the  2nd  March,  1811,  at  Reighton,  in  the 
East  Riding  of  Yorkshire,  a  small  village  situate  between  Bridlington 
^d  Scarborough,  looking  down  upon  the  bciuitiful  bay  of  Filey. 
*fe  father  occupied  a  farm  of  considerable  extent  in  the  vicinity. 
The  locality  was  retired,  and  the  bold  features  of  tlie  neighbouring 
cliffs  of  Speeton  and  Filey  could  not  fail  to  impress  the  mind  of  even 
*i  child,  and  there  can  be  little  doubt  that  fre^iuent  rambles  on  this 
Uiteresting  coast,  and  the  fossils  which  he  would  pick  up  from  the 
Speeton  cliifs  or  the  clialk  escarpment,  formed  a  strong  basis  towards 
^  subsequent  inclination  to  the  study  of  geology,    Strickland  was 
in  the  habit,  even  when  a  boy,  of  writing  down  his  impressions  in  the 
form  of  a  journal.     In  this  diary  he  records  that  his  earliest  recol- 
lections commenced  when  he  was  staying  at  Hildenley,  near  Malton, 
^th  two  of  his  father's  sisters,  whilst  his  father,  mother,  brother, 
wd  sister,  were  on  a  visit  to  the  south.    This  was  in  the  end  of  1814. 
"I  remember  the  party  returning  and  taking  me  home  to  Ileightim. 
I  Jso  remember  my  fourth  birthday  which  came  soon  after.     About 
this  time  my  above-mentioned  aunts,  whose  names  were  Julia  and 
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Charlotte,  left  Hildenley  and  bought  a  house  in  Gloucestersliire,  near 
Tewkesbury,  having  about  three  hundred  acres  of  good  land  belonging 
to  it,  whither  they  went  and  have  lived  there  ever  since." 

In  the  Spring  of  1820,  when  he  was  nine  years  old,  a  private 
tutor  was  engaged  to  instruct  him  at  home,  and  from  that  perio<l  the 
beginning  of  his  classical  education  may  be  dated.     Although  the 
regularity  of  the  proposed  plan  of  education  was  intemipted  by 
accidental  circumstances,  it  was  still  continued  until  the  year  1827 
at  his  father's  house.     He  then  became  a  pupil  of  Dr.  Arnold,  before 
his  appointment  as  headmaster  of  the  Rugby  School.     In  February, 
1822,  he  met  with  an  accident  arising  from  a  boyish  exertion  of 
strength,  which  sprained  his  back,  and  rendered  necessary  his  removal 
to  London,  where  he  was  placed  under  the  care  of  Dr.  Harrison,  an  old 
friend  of  the  family.     For  many  months  he  was  obliged  to  maintain 
a  reclining  position,  and  it  was  nearly  twelve  months  before  his 
health  was  completely  restored.     This  long  illness  must  have  been 
irksome  to  a  comparative  child,  but  a  taste  for  reading  was  fonned 
and  encouraged,  and  a  bias  was  given  which  influenced  the  future 
inclinations  of  his  mind.     "  It   will  be  easy  thus  to  perceive,"  his 
mother  \\Tites,  "the  causes  that  seemed  to  encourage  so  marked 
a  bias  as  he  ha<i  already  shown  in  favour  of  the  physical  sciences. 
The  country  around  our  new  residence  at  Henley,  has  a  very  different 
aspect  in  its  beautiful  woods  and  meadows  from  that  of  Flamborough 
and  Filey,  it  abounds  in  subjects  of  interest  sufficient  to  gratify  the 
most  determined  naturalist,  and  it  was  no  wonder  that  feeling  himself 
restored  to  health  and  strength  he  should  eagerly  return  to  those  ^ 
pursuits  with  delight,  increased  from  the  variety  and  novelty  of  su^ 
fresh  field  of  observation,"     An  additional  encouragement  had  als<i«- 
arisen  in  the  assistance  of  his  brother  Algenion,  who  had  now  arriver^ 
at  an  age  to  bring  to  memory  the  happy  companionship  of  his  nmcli^a 
loved  brother  Henry,  and  collections  were  formed  and  plans  of  dassi-i 
fication  devised  by  these  yet  juvenile  and  simple  naturalists.    Whil-^^s 
on  a  visit  to  Yorkshire  to  his  uncle.  Sir  William  Strickland,  in  tlr 

Spring  of  1824,  he  took  the  oi)portunity  of  going  to  Reiglit4)n,  whe^ 

he  seems  to  have  experienced  a  disappointment  often  felt  by  tho      - 
who  anticipate  peculiar  pleasure  on  revisiting  the  scenes  of  eai=— 7 
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childhood.     "  Poor  Reighton  is  altered  much,  and  chiefly  for  worse ; 
maDy  things  are  fallen  down  and  but  few  are  built  up.     Speeton 
Beacon  and  the  aged  patriarch  of  Thorn  Tree  Flat  still  exist,  though 
probably  in  a  mutilated  state.    Horses  and  cattle  run  at  liberty  about 
the  plantation  behind  the  stables  and  the  yard,  which  is  overgrown 
with  weeds.    The  plantation  at  the  back  of  the  kitchen  garden  has 
got  up  surprisingly.     It  was  with  difficulty  I  could  force  my  way 
through  the  shnibs  to  the  seat  and  table,  both  of  which  I  found 
buried  among  the  trees.''    The  general  tendency  towards  a  cultivation 
of  natural  history  and  of  a  somewhat  roving  disposition  are  illustrated 
by  the  following  passage  from  his  diary: — "A  taste  for  natural  history 
which  I  had  acquired  and  which  still  continued  unabated,  was  in- 
creased by  a  trip  which  our  party  together  with  Lady  Strickland,  her 
son  Arthur,  and  her  daughter  Emma,  took  to  Little  Hampton  in 
Sussex,  where  we  spent  seven  weeks  very  agreeably  in  collecting  shells, 
etc.    In  July  I  went  with  my  father  to  Apperley  in  Gloucestershire, 
where  we  stayed  a  fortnight  with  my  aunts,  and  then  returned  home, 
when  1  resumed  my  studies  along  with  my  two  brothers.    At  the  end 
of  this  year  I  was  informed  that  it  was  settled  that  I  should  go  to 
Oxford  in  three  or  four  years*  time.    This  was  a  death-blow  to  all  my 
hopes,  as  I  had  always  entertained  a  dread  of  going  to  college  as 
being  an  almost  inevitable  cause  of  my  taking  root  in  England ; 
whereas  I  had  always  cherished  a  hope  of  being  a  sailor,  or  at  least  of 
engaging  in  some  locomotive  profession,  wliich  should  oblige  me  to 
*oam  about  and  see  the  world,  and  this  hope,  though  repeatedly 
smothered,  had  never  till  this  final  decision  of  my  fate  been  totally 
extinguished,  and  much  did  I  grieve  to  see  my  cousin  and  former  play- 
fellow, George  Cartwright,  enter  the  navy,  nay,  to  see  my   own 
brother  and  of  late  my  almost  only  companion,  Algernon,  destined 
for  the  same  profession,  while  I  am  doomed  to  spend  the  rest  of  my 
days  in  the  capacity  or  rather  incapacity  of  an  English  country 
gentleman."     This  was  written  in  1826,  when  Strickland  was  about 
fifteen  years  of  age.    In  the  Autumn  of  the  same  year,  he  spent  some 
^eeks  in  Lincolnshire  with  his  uncle  and  aunt,  Mr.  and  Mrs.  Penrose. 
The  latter  was  the  daughter  of  Edmund  Cartwright,  and  was  the 
authoress  of  the  popular  Histories  of  England,  France,  etc.,  under 
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the  nom  deplume  of  Mrs.  Markham.  Whilst  there  he  wrote  to  his 
mother: — "  I  luive  now  accumulated  sufficient  news  to  fill  a  letter. 
Mrs.  Markham  is  deeply  involved  in  the  affairs  of  France,  which  are 
to  be  cleared  up  and  publicly  declared  in  December.  A  rival  work  is 
advertised  under  the  title  of  History  of  Spain,  on  the  plan  of  Mrs. 
Markham's  History  of  England.  Several  of  the  engravings  from 
France  have  arrived.  They  arc  on  wood,  and  are  well  executed. 
You  ask  me  how  I  employ  my  time.  I  am  usually  employed  in 
learning  Greek,  etc.,  which  my  uncle  is  so  good  as  to  hear  me  say 
after  dinner.  Then  in  the  middle  of  the  day  I  either  go  to  Lincoln 
witli  my  uncle  and  aunt,  both  or  neither,  or  I  take  a  walk  somewhere 
to  potter  after  fossils.  In  tlic  evening  we  generally  read  aloud  to  my 
great  aunt  Frances  name  of  tlie  Waverley  Novels,  or  I  read  Parkinson's 
*  Organic  Ileuiains '  to  myself/*  At  this  time,  as  throughout  the  whole 
period  of  his  life,  Strickland  was  very  industrious,  and  no  brancli  of 
natural  liistory  appears  to  have  come  amiss.  He  was  an  indefatigable 
collector,  and  whether  the  objects  lived  in  the  air,  gambolled  in  the 
water,  or  were  preserved  fossilized  in  the  rocks,  all  seem  to  have  come 
naturally  under  his  supervision.  In  his  diary  of  the  27th  Januar>% 
1827,  he  records  that  he  "finished  writing  the  list  of  British  shells 
with  their  habitats,  which  I  flatter  myself  is  very  complete,  as  it  con- 
tains many  new  species  with  a  vast  number  of  habitats.  This  work 
has  occupied  me,  with  the  exception  of  three  months  when  I  was  in 
Lincolnshire,  since  last  April,  and  has  been  almost  entirely  composed 
between  the  hours  of  six  and  nine  in  the  morning."  A  few  days  Later 
he  despatched  a  letter  to  the  Mechanics*  Magazine,  signed  "  Boreas," 
describing  a  plan  he  had  invented  for  uniting  a  wind  gauge  to  a 
weathercock,  and  exliibiting  the  results  of  both  upon  two  dial  plate,**. 
Other  short  articles  followed,  and  in  due  course  aj)peared  in  the 
journal.  He  collected  and  stuffed  birds,  and  probably  about  this  time 
the  strong  attachment  exhibited  in  after  years  to  ornithological  pur- 
suits was  formed  and  fostered.  The  ordinary  school-boy's  studies, 
however,  Avere  not  neglected,  and  the  tuition  of  Mr.  Arnold  laid  a 
solid  basis  of  future  knowledge.  He  thus  describes  the  routine  course 
whilst  under  the  care  of  this  gentleman: — "Mr.  Aniold  sit<?  in  his 
own  room,  and  each  of  us  in  turn  go  in  to  say  our  lessons  to  him 
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twice  a  day  according  to  tlie  above-mentioned  precedence,  so  that 
when  the  last  has  been  in  the  first  time,  it  is  time  for  the  first  to  go 
in  the  second  time.  The  first  lecture,  as  it  is  called,  consists  on 
Monday,  Tuesday,  Wednesday,  and  Thursday  of  Herodotus,  and  the 
second  on  Livy,  On  Friday  and  Saturday  there  is  only  one  lecture. 
()n  the  former  of  those  days  I  do  Sophocles,  and  on  the  latter  am 
examined  in  Hallam*s  '  Middle  Ages.'  We  go  up  about  seven  a.m., 
dine  at  5-30  p.m.,  tea  at  eight,  go  to  bed  (or  supposed  to  do)  at  ten 
p.m.  We  have,  moreover,  tluree  themes  a  week,  which  are  shown  up 
on  Saturday,  and  twice  a  week  go  in  with  Greek  Testament  between 
dinner  and  tea." 

This  year  his  father  removed  from  Henley  to  Cracomba  The 
house  was  large,  and  as  Strickland  observes  there  was  plenty  of  room 
for  all  their  devices.  During  the  boyhood  of  Strickland  his  secluded 
living  and  the  character  of  his  pursuits  and  tastes  rendered  him  of  a 
more  or  less  retiring  disposition,  and  he  had  an  inclination  to  avoid 
the  company  of  boys  of  similar  age  to  himself  and  to  feel  more  at 
home  with  people  of  more  advanced  3'ears. 

In  February,  1829,  he  became  a  student  at  Oriel  College,  Oxford. 
The  usual  college  amusements  did  not  take  much  of  his  time,  but  he 
t»ok  great  interest  in  the  Museum  then  newly  arranged  by  Mr.  Dun- 
can, and  attended  the  geological  lectures  of  Dr.  Buckland,  which  he 
considered  were  so  rational  and  interesting  and  agreed  so  well  with 
all  the  notions  he  had  before  formed  on  the  subject  that  he  was  quite 
delighted  with  them,  while  he  considered  it  worth  one's  while  if  it 
were  merely  for  the  sake  of  examining  his  immense  collection  of 
OTganic  remains.  As  usual,  he  kept  a  notebook  on  the  Professor's 
lectures.  In  November  Strickland  passed  his  first  examination,  and 
thus  reports  his  opinion  of  the  proceedings : — **  About  half-past 
twelve  yesterday  I  went  into  the  schools.  I  was  the  first  called  up 
and  was  examined  about  twenty  minutes.  I  was  not  nearly  so 
frightened  as  I  expected  to  be,  and  was  quite  surprised  at  myself,  as 
I  expected  I  should  not  be  able  to  answer  a  word,  instead  of  which 
I  found  myself  very  much  at  my  ease.  I  was  then  set  to  do  various 
translations,  which  occupied  about  two  hours  and-a-half,  when  the 
examiner  said  tliat  all  I  had  done  was  very  satisfactory,  and  I  was 
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at  liberty  to  go.     After  all,  this  same  "  Little-f^'o"  is  a  groat  lar 
only  few  like  to  consider  it  so  until  tliey  have  passed  it. 

His  vacation  he  passed  with  his  father  in  Paris,  and  at  the  usi 
time  resumed  his  studies  at  Oxford.      lie  attende<l   Dr.    Kid 
anatomical  lectures,  and  in  the  Autumn  of  1831  retired  to  rea<l  w 
a  tutor.     He  went  to  the  Isle  of  Wight,  and  the  sections  of  t 
rocks  at  St.  Helen's,  White  Cliff  Ray,  and  Alum   Bay,  immediate 
attracted  his  attention,  and  occupied  a  considerable  |wirtion  of  1 
time.    He,  however,  did  not  neglect  his  studies,  and  in   May  pass 
his  public  examination,  and  the  following  spring  took  his  degree 
M.A.     Ui>on  tlnis  completing  his  studies  at  tlie   University, 
returneti  home  U^  Cracombe  House,  and  tlie  interesting  character 
the   vicinity  an<l   surrounding  country  afforded  him  almost  uu 
li.austible  materials  as  a  geolngist.     The  district  was  at  this  ti 
being  opened  up  in  the  fonnation  of  milway  cuttings,  and  these 
the  valley  of  the  Severn  afforded  him  opportunities  for  working  < 
the  then  unknown  relations  of  the  Keu])er  an<l  New  Red  Sandsti 
beds.     His  geological  collection  may  probably  be  considered  to  h; 
assumed  a  systematic  shape  ab(»ut  this  time.     It  rai)idly  increas 
and  its  arrangement  and  classification  brought  him  into  cnrrespoi 
ence  and  ac([uaintance  with  men  of  kindred  tastes  and  acknowled 
reputations  both  at  home  and  abroad.     At  the  siime  time   o 
branches  of  natural  history  occujued  a  large  share  of  his  atten 
and  his  collection  of    birds  assumed    somewhat   large  proport 
His  practical  knowledge  of  the  geology  of  Worcestershire  enables 
to  afford  valuable  information  to  Mr.  (r.  B.   Greenough  in  the 
stniction  of  the  second  edition  of  his  geological  map.     The 
cause  led  to  a  knowledge  of,  and    friendship    with    Sir    U« 
Murchison,   who   in   IH'M   requested   Strickland   to  lay   do' 
bcmndary  between  the  Lias  and  the  New  Red  Sandstone  in 
tershire  for  the  ordnance  map  then  in  progress.     He  had  pre 
in  conjunction  with  Mr.  l^Mwin  Loes,  furnished  a  geological 
Worcestershire  to  Sir  Chas.   Hnsting's  lllustraticuis  of  the 
History  of  that  country,  which,  wluni  it  is  remembered  that 
was  at  that  time  uncultivated  and  geologists   knew  litt 
geology  of  the  Malvern  and  Aberley  range,  may  be  regardc 
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carefully  prepared  and  creditable  piece  of  work.     During  one  of 
the  visits  of  Murchison  to  his  father's   house  at  Cracombe,   he 
was  accompanied  by  Mr.  W.  J.   Hamilton,  the  secretary  of  the 
Geological   Society,    who    was    at    that    time    contemplating    an 
extensive  expedition  to  Asia  Minor.     The  discussion  during  the 
evening  of  Hamilton's  project  induced  a  desire  in  Strickland  to  ac- 
company him,  and  shortly  afterwards  it  was  arranged  that  they  should 
go  together.     They  left  in  July,  1835,  and  from  the  time  of  starting 
Mr.  Strickland  kept  a  journal  of  all  his  transactions  and  wanderings. 
The  natural  features  and  geological  formations  of  the  countries  visited 
formed  the  subject  of  several  papers  to  the  Geological  and  other 
learned  Societies.     His  journal  is  full  of  entertaining  and  pleasantly- 
written  narrative,  with  anecdotes  and  descriptions  of  many  celebrated 
European  philosophers  of  that  time,  and  their  museums  and  ways. 
The  narrative  is  well  worthy  of  perusal,  but  in  a  brief  memoir,  such 
as  this,  it  is  impossible  to  do  more  than  mention  it.     The  two  friends 
passed  nearly  a  year  together  travelling  through  the  countries  of 
Burope  to  Greece  and  Asia  Minor.     They  also  visited  Constantinople, 
and  spent  some  time  on  the  island  of  Zante.     From  the  latter  place 
be  returned  by  way  of  Malta  to  Naples,  where  he  expected  to  receive 
letters  from  bis  father.     In  tliis,  however,  he  was  disappointed,  but 
i^esolved  to  wait  a  few  days  and  make  the  ascent  of  Vesuvius.     On 
liiu  way  towards  the  summit,  at  the  Hermitage,  he  was  overjoyed  to 
meet  his  father.     It  appeared  that  the  letters  of  each  had  got  astray, 
so  that  their  whereabouts  remained  unknown.     From  Naples  he  tra- 
velled with  his  father  through  Italy,  and  in  August  joined  his  mother 
3^d  sisters  at  Bex,  in  the  Pays  de  Vaud.     From  thence  the  journey 
homewards  was  commenced.     At  Brussels  his  youngest  sister  was 
seized  by  fever,  which  terminated  fatally  in  a  few  days.    During  his 
absence,  his  brother  Algernon  had  also  died  whilst  abroad  with  his 
'Vessel,  80  that  the  return  to  Cracombe  was  an  extremely  sorrowfiil 
Otte.    After  rest  and  gradual  relief  from  the  anxiety  caused  by  the 
distress  of  his  family,  Strickland's  mind  gradually  turned  itself  to 
^e  interesting  objects  around  him,  and  his  attention  became  chiefly 
directed  to  geology.     The  science  was  becoming  increasingly  im- 
portant, and  was  cultivated  by  many  ardent  workers.     The  counties 
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of  Worcester  and  Gloucester  were  now  intersected  by  railways,  i 
their  cuttings  and  excavations  openeil  wide  fields  for  observati 
Sir  Roilerick  Murchison  was  completing  his  Silurian  system,  and  I 
already  entered  into  tluit  contest  with  Sedgwick  and  Buckland  wh 
was  so  often  and  long  fought  in  the  meetings  i»f  Section  C  at 
Britisli  Association.     Strickland's  residence  being  located  within  < 
great  area  of  the  disputed  ground,  and  Cambria  lying  at  no  gr 
distance,  ct)nstant  appeals  were  made  to  him  to  verify  sections 
Murchison,  and  he  entered  into  the  subject  with  ardour.     The  s 
ject  would  have  l)ccn  irresistible  even  if  his  previous  studies  ha<i 
prepared  him  for  it,  but  previous  to  his  Eastern  expedition,  geol 
<x:cupied  a  foremost  phice  in  his  mind,  and  finding  so  much  more 
tensive  opportunities  on  his  return,  his  interest  became  still  more 
grossing.     Sir  Roderick  was  entirely  at  variance  with  Dr.  Buckli 
as  U)  the  suppose<l  analog}',  or  rather  the  identity  of  the  red  sa 
stone  of  AVanvick  with  the  Keujnjr.     He  looked  upon  the  (Jloucesi 
shire  marls  and  >uhonlinate  bands  of  sandstone  as  Keuper,  and 
sjindstonesof  Broomsgrove  and  Warwick  as  Bunter  Sandstein,  Bnckl; 
regarding  the  latter  as  Keuj»er.     It  was  ta  work  out  these  details  t 
Strickland  set  himself,  and  being  so  well  situate<l  for  observation 
knowledge  cpiickly  became  greatiT  than  that  of  ilurchison,  anil 
latter  pro])t»sed  that  they  should  write  a  joint  memoir  on  the  sul 
for  the  Geological  Society.     In  was  in  this  i>ai)er  that  the  first  j 
tion  is  made  of  fo.ssil  fotitprint>  in  the  English  Keuper.     Stric) 
also  connnunicated  i)apers  on  the  fiuviatile  drift  of  tlie  Avon  a 
the  Severn  Valleys.     His  researches  in  this  department  were 
])orate<l  in  the  Silurian  system.     He  found  many  fo>sils  duri 
investigations  and  his  eullection  was  rai)idly  assuming  a  soi 
portentious  extent. 

In  1S41,  Strickland  ])repared  a  second  edition  of  Mur 
Geology  of  Cheltenham,  which  is  still  a  valuable  guide  to  th 
esting  district.     In  is;57,  accompanied  by  his  father,  he  nia< 
in  Scotland,  during  whieh  the  material  fi»r  his  pa]>er  on  sonu 
able  dykes  of  (Calcareous  grit  at    Htliie,  in    Ixoss-sliire,  was 
At  the   meeting  ot"   tlie  British   A>siiciatioii  at   (Jlasgnw. 
Strickland  read  his  i»aper  nii  the  true  method  of  di>co 
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natural  system  in  zoology  and  botany,  and  after  the  meeting  he  paid 

a  visit  to  Jardine  Hall,  the  residence  of  Sir  William  Jardine,  where 

he  first  met  with  the  lady  who  was  afterwards  to  be  his  wife.     Sir 

William  Jardine's  large  collection  of  birds  greatly  interested  him,  and 

various  plans  were  formed  for  the  future  advancement  of  that  branch 

of  natural  history.    He  also,  at  the  meeting  at  Glasgow,  read  a  paper 

on  the  vitality  of  seeds,  in  which  the  result  of  considerable  mvestiga- 

tion  showed  that  the  reported  growth  of  wheat  or  other  cereals  obtained 

from  EJgyptian  tombs  must  have  been  m)rthical.     The  reform  of  the 

nomenclature  of  zoology,  as  well  as  its  classification,  was  a  subject  to 

which  Strickland  devoted  a  great  deal  of  attention.     The  confusion 

and  inconvenience  involved  by  some  systems  recently  invented  were 

great  drawbacks  to  the  systematic  progression  of  natural  science,  and 

Strickland,  after  carefully  devising  a  plan,  submitted  it  to  many  of 

the  most  learned  authorities  in  this  country  and  on  the  Continent. 

He  received  the  approval  of  Prof.  Owen,  Mr.  Darwin,  and  others  in  this 

country,  and  had  a  long  correspondence  with  M.  Agassiz  at  Neuchatel, 

and  the  Prince  of  Canino  at  Florence.     Previous  to  the  meeting  of 

the  British  Association  in  1842,  at  Manchester,  the  Council  resolved 

that  a  Committee  consisting  of  Mr.  C.  Darwin,  Prof.  Henslow,  the  Rev. 

L  Jennings,  W.  Ogilvy,  Mr.  J.  Phillips,  Dr.  Richardson,  Mr.  H.  E. 

Strickland  (Reporter),  Mr.  J.  0.  Westwood,  be  appointed  to  consider 

the  rules  by  which  the  nomenclature  of  zoology  may  be  established 

on  a  uniform  and  permanent  basis,  the  report  to  be  presented  to  the 

Zoological  Section,  and  submitted  to  its  Committee  at  the  Manchester 

meeting.     To  this  Committee  its  members  added  the  names  of  Prof. 

Owen,  Messrs.  Broderip,  Shuckard,  Waterhouse  and  Yarrell.     This 

Committee  considered  Strickland's  plan,  and  Jifter  making  some 

emendations,  a  report  was  agreed  to,  with  the  exception  of  Mr.  Ogilvy, 

«nd  afterwards  completed  and  given  to  the  public.    It  created  a  good 

<leal  of  opposition.    Some  modem  inventors  of  names  felt  keenly  the 

criticism  of  their  views  and  compositions  which  the  new  scheme 

exposed.     Tlie  opposition,  however,  did  not  assume  a  definite  fonn, 

>fid  after  being  thorouglily  discussed,  the  report  was  printed  in  the 

^ansactioiLS  of  the  British  Association  for  1842,  and  di.stributed  to 

.  4e  Academies  and  Natural  History  Societies  throughout  the  world. 
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ExpressioDS  of  satisfaction  and  congratulation  poured  in  upon  Strick- 
land from  all  parts,  and  it  must  have  been  gratifying  to  him,  after 
the  serious  efforts  he  had  made,  to  find  that  his  classification  was 
almost  universally  approved.  The  report  forms  the  basis  for  zoological 
nomenclature,  and  its  axioms  have  been  widely  and  decidedly  acted 
upon.  In  1842,  Edward  Forbes  sailed  with  the  Surveying  Expedition 
of  H.M.S.  "  Beacon,"  under  the  direction  of  Captftin  Greaves,  to  the 
Mediterranean,  and  Strickland  afforded  him  the  benefit  of  his  know- 
ledge derived  from  his  journey  in  that  district,  and  indicated  to  him 
the  lines  of  research  which  might  be  followed  out  with  advantage  ; 
these  were  of  considerable  use  to  Forbes  during  his  investigations. 
A  number  of  remains  of  fossil  insects  had  been  found  in  the  lias  of 
Warwickshire,  and,  in  conjunction  with  the  Rev.  P.  B.  Brodie,  he  de- 
voted considerable  time  to  their  identification  and  relationship. 

He  attended  tlie  meeting  of  the  British  Association  at  Cork, 
and  coiitribute<l  two  papers,  one  on  the  Description  of  a  Chart  of 
tlie  natural  affinities  of  the  incessorial  order  of  Birds,  and  the  other 
on  the  stnicture  and  affinities  of  Upupa,  Linn  and  Irrisor,  Less.  The 
former  exhibited  the  affinities  of  the  allied  organic  forms  diagraniati- 
cally,  and  not  only  included  the  families  and  genera  of  the  incessories, 
but  showed  their  relationship  to  the  whole  class  of  birds.  At  the 
same  meeting  he  was  requested  by  the  Committee  of  the  Biological 
Section  to  draw  up  a  rej)ort  on  the  recent  progress  and  present  state 
of  ornithology.  This  report  was  written  and  read  at  tlie  next  meet- 
ing at  York,  and  published  in  the  reports  of  the  association  for  the 
year  1843.  With  it  was  included  the  recent  fossil  ornitholog}',  and 
the  existing  knowledge  of  the  dodo  was  sunnnarised.  The  research 
in  connection  with  the  preparation  of  this  report  enabled  Strickland 
to  grasp  more  fully  the  desiderata  in  the  classification  and  arrangement 
of  birds.  His  collection  also  rapidly  incre^ised,  and  was  supple- 
mented by  correspondents  in  all  parts  of  the  world. 

It  was  in  the  year  1842  that  Strickland  mentioned  to  the 
(Council  of  the  British  Association  a  project  for  fonning  a  society  for 
the  publication  of  papers  on  natural  history,  which  required  illustra- 
tions rendering  them  too  expensive  for  the  ortlinary  proceedings  of 
the  learned  societies.     The  proposal  assumed  a  more  definite  form  in 
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1843,  when  he  drew  up  a  sketch  of  a  series  of  rules  for  tliat  purpose, 
which  embodied  most  of  the  principles  ultimately  agreed  upon.    This 
was  the  first  origin  of  the  llay  Society.     The  plan  was  afterwards 
developed  by  the  activity  of  Dr.  Johnson,  of  Berwick,  a  fellow-labourer 
and  much- valued  friend.     In  August,  1843,  Strickland  wrote  to  Sir 
William  Jardine  as  follows  : — "  It  is  proposed  to  establish  a  Society,  to 
be  called  the  Montagu  Society,  for  the  purpose  of  publishing  original 
illustrative  memoirs  on  recent  or  fossil  zoology  and  comparative  an- 
atomy ;  the  subscription  to  be  JBl  per  annum  ;   the  number  of  the 
subecribers  to  be  unlimited ;  each  subscriber  to  receive  annually  a 
copy  of  all  the  publications  of  the  Society,  which  are  also  to  be  sold, 
without  restriction,   at  a  reasonable  price  to  the  public.       The 
Society  not  to  accumulate  capital,  but  to  publish  annually  a  greater 
or  less  amount  of  matter  according  to  the  state  of  its  funds ;  the 
illustrations  to  be  confined  to  such  objects  as  are  either  new  to  science 
or  have  been  inaccurately  or  incompletely  figured  previously.     The 
Society  may,  if  thought  advisable,  present  any  of  their  plates  or 
letterpress  to  the  transactions  of  Scientific  Societies,  retaining  a 
imfficient  number  of  copies  for  distribution  among  their  own  members. 
Memoirs  which  have  been  already  read  to  other  Societies  may  be 
pubUshed  by  this  Society,  provided  such  memoirs  have  not  been  pre- 
▼ioudy  printed.     Such  was  the  outline  of  my  proposed  plan,  the 
idea  of  which  originated  in  the  evidence  which  came  before  us  at 
Cork,  and  the  number  of  valuable  reseai'ches  which  seem  likely  to 
remain  in  manuscript  from  the  great  cost  of  making  engravings. 
There  were  "  Forbes'   Dredgings  in  the  Mediterranean,"  Denny's 
Entozoa,"  Alder  and  Hancock's  **  Nudibranchiata,"  Dr.  Carpenter's 
Microscopic  Researches  on  Shells,"  and  a  host  of  other  valuable 
communications,  all  appealing  to  the  Association  for  help  which  the 
Association  was  obliged,  from  want  of  funds,  to  refuse,  and  it  further 
appeared  that  most  of  the  great  Scientific  Societies  were  equally  un- 
able to  publish  memoirs  which  required  any  great  outlay  of  plates 
for  their  illustrations.     A  Society  especially  devoted  to  this  object 
seemed  to  oflFer  the  only  chance,  and  I  rejoice  therefore  to  see  that 
meh  s  iHTOJect  is  likely  to  be  at  last  realised."    Dr.  Johnson  took  up 
the  projected  Society  and  entered  with  much  spirit  into  its  organiza- 
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tiou.  Much  u%>8i!3Uiuce  was  <^veii  by  Bowerbaiik  aiid  £clwanl 
Forbes,  and  several  otlier  eminent  naturalists  of  the  time,  but  tbe 
real  institution  of  the  Society  rests  with  Strickland,  Dr.  Johnson, 
and  Sir  William  Jardine,  each  of  whom  wrote  many  hundreds  of 
letters  during  the  first  year  in  organizing  the  Society.  The  new 
Society  speedily  increased  in  numbers,  and  was  soon  placed  on  a 
thoroughly  good  basis,  and  has  continued  to  the  present  day  to  pub- 
lish most  vahiable  original  papers,  which  liave  added  greatly  to 
the  interest  of  zoological  studies  both  in  this  countr>'  and  abroad. 
The  value  of  Strickland's  plan,  having  regard  to  the  existing  forms 
of  animtd  life,  was  proved  by  the  geologists  immediately  starting  a 
Society  of  their  own  on  a  similar  basis  and  managed  most  success- 
fully by  nearly  the  same  rules,  and  the  Paloeontographical  has 
furnislied  to  its  subscribers  a  continuous  series  of  volumes,  beauti- 
fully and  elaborately  illustrated,  of  the  greatest  interest.  Geo- 
graphers were  not  far  behind,  and  the  name  of  Hackluyt  is  imnioi*- 
t^lized  by  ant)ther  Society  which  htis  printed  a  series  of  voyages  and 
travels  that  were  before  ahuost  or  quite  ina<:cessible.  Strickland's 
interest  in  the  Ray  Society  was  very  great  and  one  of  the  most 
useful  of  its  works  is  due  mainly  to  his  zeal  and  energy.  Professor 
Agassiz  had  commenced  some  time  previously  a  compilation  «)f  a 
Bibliographia  Zoologize  et  Geologiaj  for  his  own  private  use,  but  it 
increased  to  such  bulk  and  importance  that  its  publication  was 
rendered  an  object  to  be  desired.  M.  Agassiz  had  tTe<j[uently 
coiTCsponded  with  Strickland  with  reference  to  this  work  and  the 
institution  of  the  Kay  Society  presented  an  opening  whicli  itoccuiTCil 
to  the  latter  might  be  luade  useful  to  the  Swiss  naturalist,  and  at  the 
same  time  advantageous  and  honourable  to  the  Society.  It  wa^, 
therefore,  proj)Osed  that  the  manuscrij)t  of  Professor  Agassiz  should 
be  i)urchased  and  published  by  the  Society.  Eventually,  a  sum  of 
£800  was  agreed  upon  Jis  the  price  of  the  manuscript,  a  very  con- 
siderable one  to  be  incurred  by  so  young  a  Society.  The  expenditure, 
however,  was  si)read  over  several  years,  and  the  publication  of  tiie 
work  was  begun.  The  manuscript  was  set  up  in  type  and  printed  on 
large  sheets  and  distributed  to  various  naturalists  for  additions  and 
corrections.     The  editing  of  the  volumes  occupied  a  hu'ge  portion  of 
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Stricklaud's  thue  aud  atteutiou  even  to  his  last  days,  for  whilst  the 
labours  of  Agassiz  formed  au  excellent  skeleton,  innumerable  ad- 
ditions had  to  be  made  before  the  work  was  complete.     The  first 
part  consist-s  of  an  enumeration  of  periodicals  arranged  geograplii- 
cally  :  the  second  part  contains  the  names  of  authors  aiTanged  alplia- 
betically,  aud  a  list  of  the  works  and  memoirs  of  each.     The  first 
volume,  of  about  600  pages,  only  came  down  to  the  end  of  the  letter 
B,  and  the  whole  work  proved  one  occupying  much  time,  and  filling 
four  large  volumes.     On  its  completion,  the  Ray  Society  passed  a 
rescklution  to  issue  at  intervals  supplements  which  should  continuously 
bring  the  work  up  to  time.     This,  however,  was  never  done,  which  is 
much  to  be  regretted.     The  time  that  has  passed  since  its  issue  will 
render  the  continuation,  if  it  ever  is  done,  very  arduous  and  difiicult. 
Strickland's  family  removed  in  1845  from  Cracombe  House  to 
The  Lodge,  near  Tewkesbury,  near  to  the  residence  of  his  aunt.  Miss 
Julia  Strickland,  who  had  now  attained  a  considerable  age,  which 
rendered  it  advisable  that  some  relative  should  be  near  for  the  man- 
agement of  the  fine  property  connected  with  her  residence,  Apperley 
Court.   On  the  23rd  of  July  of  this  year,  Strickland  married  (^atherine 
D.  M.  Jardiiie,  second  daughter  of  Sir  William  Jardine,  Bart.     The 
honeymonu  wa.s  spent  in  Sweden,  a  country  at  that  time  not  very  much 
fre<[uenteil,  but  which  Strickland  was  anxious  to  visit  in  order  to  see 
the  museums,  and  study  the  specimens  in  them.    The  journey  proved 
»  very  pleasant  one,  and,  as  usual  with  him,  a  diary  was  kept  of  all 
his  wanderings.     At   Haarlem   he  visit<jd  Prof.   Van    Breda,    the 
Palaeontologist,  and  at  Utrecht  Prof.  De  Jeude,  who  had  charge  of 
the  geological  museum.     Another  ornithologist,  Dr.  Hartlaub,  was 
visited  at  Bremen.     Profs.  Nilsson,  Lichtenstein,  and  other  eminent 
sicientists,  received  the  English  naturalist  and  his  bride  with  every 
respect  and  kindness.     On  his  return  to  England,  after  visiting  his 
parents,  he  finally  decided  to  settle  down  at  Oxford.     His  large 
collections  were  greatly  added  to  as  the  result  of  frequent  rambles 
over  the  country  of  liis  new  residence.     His  time  was  principally 
occupied  in  editing  the  Bibliographia  for  the  Ray  Society  ;  writing  a 
history  of  the  Dodo ;  and  in  preparations  for  the  meeting  of  the  British 
Association  at  Oxford.     The  latter  proved  a  very  successful  one,  and 
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a  more  real  and  vital  iuterest  iu  its  proceedings  was  taken  than  had 
perhaps  previously  been  the  case.  Shortly  after  the  meeting,  Dr.  Buck- 
land  first  exhibited  signs  of  that  mental  decay  which,  during  the 
latter  period  of  his  life,  rendered  it  impossible  that  he  should  con- 
tinue to  occupy  the  position  of  Professor  of  Geology  in  Oxford,  and 
after  some  time  had  elapsed  and  Dr.  Buckland  was  unable  to  continue 
lu8  lectures,  it  became  a  matter  for  consideration  as  to  who  should 
be  appointed  to  fulfil  the  ofiice.  Dr.  Daubeny,  who  was  consulted 
upon  the  matter,  suggested  that  either  Lyell  or  Strickland  was  best 
qualified  to  occupy  the  chair,  and  eventually  Strickland  was  elected, 
and  accepte<l  the  appointment.  At  the  same  time  Mr.  Storey 
Maskelyne  wa.s  placed  iu  the  Mineralogical  chair.  Dr.  Buckland  s 
versatility  and  knowledge  liad  rendered  geology  popular  at  the 
University,  and  possibly  still  more  so  in  the  country.  He  worked  at 
the  subject  with  his  whole  heart,  and  ex])laiued  many  of  those 
points  which  were  beginniug  to  render  it  unpopular  by  the  supposed 
discordance  with  the  records  of  the  Bible.  But  his  gifts  had  done 
little  at  this  time  to  change  the  University  prejudices  in  favour  of 
classics  and  mathematics,  and  he  could  only  induce  a  few  men  to  join 
his  pui-suits  and  attend  his  lectures.  On  Strickland's  acceptance  of 
the  position  of  Reader  of  Geology  he  inuueiliately  devoted  himself  to 
the  preparation  of  his  course  of  lectures,  and  delivered  an  opening 
address  on  the  studies  of  the  University  of  Oxford.  The  succeeding 
lectures  of  the  first  course  were  on  the  chronology  of  the  ancient 
earth,  and  were  introductory  to  the  general  subject  to  be  treated 
upon  in  future  lectures.  His  second  course  in  the  year  1851  was  ou 
volcanic  phenomena,  the  elevation  of  mountains,  and  other  disturb- 
ances aflecting  the  earth's  crust,  the  principles  of  geology,  and  the 
earlier  stratified  deposits,  followed  by  a  third  on  the  succession  of  the 
secondary  and  tertiary  formations.  The  whole  course  would  have 
been  completed,  had  he  not  met  with  a  premature  death,  by  the 
histor}"^  of  the  tertiary  and  recent  epochs.  His  lectures  were  illustrated 
by  numerous  diagrams,  in  many  cases  prepared  by  his  wife,  who  was 
an  excellent  draughtswoman.  Strickland  was  always  ready  to  com- 
munica,te  information,  and  frequently  lectured  for  different  institu- 
tions.    The  Tewkesbury  Mechanics*  Institution,  the  Natural  History 
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Soeiety  of  Worcester,  and  other  kindred  bodies,  knew  him  well  He 
frequently  conducted  the  members  of  societies  to  the  field,  and 
explained,  by  open-air  lectures,  the  geology  of  the  country  around, 
and  in  a  variety  of  ways  extended  a  knowledge  of  geology  amongst 
the  people.  His  connection  with  the  University,  his  public  vocations, 
and  private  scientific  pursuits,  together  with  the  exercise  of  his 
duti^  as  a  country  gentleman  and  magistrate,  which  began  gradually 
to  fall  upon  him,  with  occasional  excursions  before  or  after  the 
meetings  of  the  British  Association,  fully  occupied  his  time. 

In  September,  1853,  he  attended  the  British  Association  with  his 
fiither-in-law,  Sir  William  Jardine.  The  meeting  was  below  the  aver- 
age in  numbers,  but  was  otherwise  an  interesting  one.  Professor 
Sedgwick  presided  over  the  Geological  Section.  Strickland  occupied 
the  chair  during  some  portions  of  the  meeting  as  a  vice-president,  and 
he  contributed  a  paper  on  pseudo-morphous  crystals  in  new  red  sand- 
stone. To  the  Zoological  Section  he  read  a  notice  on  the  mode  of 
jjrowth  of  Halichondria  suberea,  and  another  on  the  partridges  of  the 
great  watershed  of  India.  On  the  Saturday  he  joined  an  excursion 
under  the  charge  of  Professor  Phillips  to  Flambro'  Head.  Tliis  was 
Strickland's  early  country,  always  familiar  to  him,  and  remarkable 
actions,  well  known,  were  in  their  turn  pointed  out.  The  walk  was 
much  enjoyed,  and  at  the  termination  of  the  cliffs  the  Speeton  clay 
was  inspected.  Some  of  the  party  walked  on  to  Scarborough,  others 
ittoming  to  Hull.  The  next  week  the  business  of  the  Sections  was 
resumed  and  the  meeting  terminated  in  the  usual  way.  After  its 
dose,  Strickland  was  anxious  to  examine  the  cuttings  in  the  Man- 
chester Sheffield  and  Lincolnshire  Railway,  near  Retford,  in  reference 
to  which  some  discussion  had  taken  place  in  the  Geological  Section. 
For  this  purpose  he  left  the  train  at  Retford,  intending  to  join  a 
socceeding  one  at  Gainsbro*.  He  walked  along  the  line  to  a  poiiit 
iiear  Gringley  Balk  Bridge,  where  there  is  a  pretty  sharp  curve. 
"Here  two  trains  were  coming  up  in  opposite  directions,  the  one  a 
wal  train,  which  was  seen,  and  to  avoid  this  he  stepped  upon  the 
other  side,  on  which  an  unseen  passenger  train  was  approaching 
round  the  curve  at  a  speed  of  25  or  26  miles  an  hour,  at  a  distance 
from  him  of  less  than  one  hundred  yards.     The  driver  of  this  train 
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reversed  his  engine,  put  on  brakes,  and  whistled  loud  and  very 
alarmingly,  '  but  he  took  no  notice,  his  attention  seemed  to  be  on 
the  coal  train/  Death  must  have  been  instantaneous.  There  could 
be  no  pain,  not  even  a  momentary  feeling  of  alarm  or  fear.  The 
double  noise  gave  no  warning  of  the  engine  behind,  and  he  was 
Mtnick,  unconscious  of  danger,  and  not  even  turning  from  his  watch- 
ing of  the  other  reeling  train."  These  are  the  simple  facts  as 
recorded  by  Sir  Wm.  Jardine  in  the  work  already  referred  to.  His 
remains  were  deposited  in  the  graveyard  of  Deerhurst  Church, 
between  Tewkesbury  and  Gloucester,  in  the  family  vault  His  entin* 
ornithological  collection  was  presented  to  the  new  museum  of  the 
University  of  Oxford,  under  the  condition  of  being  always  open  for 
scientific  consultation,  and  a  large  number  of  specimens  and  skele- 
tons, illustrating  the  comparative  anatomy  of  birds,  were  presented 
t«  the  museum  at  Worcester. 


NOTES  ON   BRITISH    KOCBNK  POLYZOA.      BY  GEORGE   ROBERT   VINE. 

PLATE  V. 

In  the  early  part  of  1887  Mr.  G.  W.  Slirubsole,  F.G.S.,  of 
Chester,  made  over  to  me,  for  description  or  otherwise,  a  slide  or 
London  Clay  Polyzoa.     This  slide  contained  five  specimens,  com- 
prising four  species  at  least,  and  I  believe  that  it  represented  the 
whole  of  the  Polyzoa  discovered  by  his  brother  when  investigating 
the  prolific  London  Clay  fauna  of  Sheerness. 

In  addition  to  this  series  I  have  my  own  private  collection  whio'^ 
has  been  accumulating  for  years,  but  unavoidably  slowly,  and  I  hav — 
also  had  the  advantage  of  studying  collections  from  the  Isle  «. 
Wight  beds,  which  form  parts  of  the  private  collections  of  others, 
am  also  indebted  to  Prof.  T.  Rupert  Jones,  F.R.S.,  Charles  D.   Shr^x 
})on,  and  Alfred  Bell,  Es<i.,  either  for  the  gift,  or  loan,  of  Polyj^*  » 
derived  from  various  Eocene  horizons. 

In  1850  William  Lonsdale  published,  in  Dixon's  **  Goologr     • 
Sussex,"  descriptions  of  four  species  of  Eocene  Polyzoa. 
1.     Eschara  Brongniarti?  M.  Edw.,  Tab.  i.,  fig.  9. 
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2.  Cellepora  ?  petiolus,  Lonsd.,  Tab.  i.  fig.  10,  p.  151. 

3.  Lunulites  urceolata?  Lamk.,  Tab.  i.,  fig.  8,  and 

4.  Idmonea  coronopus  Defrance,  Tab.  ix.,  fig.  24,  p.  153. 

As  these  will  be  referred  to  again  further  on  it  will  be  useless  to 
make  remarks  on  the  species. 

In  Morris' catalogue  of  British  Fossils  (1854),  and  also  in  the 
Pala3ontological  part  of  Jnkes's  "Student's  Manual  of  Geology" 
(1857),  the  following  species  and  their  horizon  are  indicated  : — 

1.  Flustra  crassa,  Desin.  London  Clay:  Primrose  Hill. 

2.  Rschara  Brongniarti,  Lonsd.  „  „   ;  Bracklesham  Bay. 

3.  Cellepora  petiolus,  Lonsd.  Mid-Eocene,  Bracklesliam. 

4.  Lunulites  urceolatus,  Lamk.     Coscinoporis  pileolm,  Phill.  and 

Wood,  Mid-Eocene,  Bracklesham. 

r».    Idmonea  coronopus,  Defr.  Mid-Eocene,  Bracklesham  Bay. 

In  1866  Mr.  George  Busk,  F.R.S.,  published  in  the  Geological 

Magazine  (Vol.  iii.,  p.p.  298-302),  a  description  of  **  Three  species  of 

Polyzoa  from  the  London  Clay  at  Highgate,  in  the  collection  of  W.  T. 

Wetherell,   Esq.,   F.G.S."    The  plate  containing  the  figures  were 

^rawn,  but  never  published,  by  J.  De  Carle-Sowerby,  and  this,  with 

the  figures  of  Lonsdale  in  Dixon's  Geology  of  Sussex,  are  the  only 

'lustrations  of  British  Eocene  Polyzoa  that  I  am  acquainted  with. 

As  regards  the  literature  three  other  references  will  complete  the 

'»«*t  also. 

In  Phillip's  work  on  the  Geology  of  Oxford  and  Valley  of  the 
'^liames  (ed.  1871),  I  find  the  following  reference.  After  giving  a 
"^"ther  full  list  of  Polyzoa,  ranging  throughout  the  whole  of  the 
^^r^tacious  epoch  (pp.  434-436),  the  author  refers  briefly  to  the 
Eocene  strata  within  the  drainage  of  the  Thames,  and  Polyzoa  are 
'^^  rationed,  but  genera  only,  no  species  are  given. 

JJarizon :  London  Clay  ;  Cellejx^-a,  Grimt  ?  and  Eschara. 

„  Thanet  Sands  and  Woolwich  beds.    Flustra?  Lunulites, 

In  the  "  Catalogue  of  Tertiary  Fossils"  in  the  School  of  Mines 
( \  878),  I  find  references  to  the  following  species  only  : — 
PhiRtra  cras.sa,  Desm.     Thanet  Sands,  p.  7. 

M       8p.  Woolwich  and  Reading  be<ls,  p.  10. 
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Flustra  crassa,  Desm.     London  Clay,  Highgate,  p.  14. 
Polyzoon  ,.         „      Sydenham,  p.  14. 

In  my  "  British  Association  Report  on  Fossil  Polyzoa  (1884-5), 
and  also  in  the  supplementary  part  of  the  Report  on  Recent  Polyzoa" 
(1885-6),  I  referred  to,  and  gave  all  that  was  known  of  the  Fossil  species, 
and  a  fiill  reference,  as  far  as  I  was  able  to  at  the  time,  of  foreign 
horizons  of  Eocene  and  Miocene  Polyzoa. 

Wlien  compiling  material  for  the  Tertiary  division  of  my  British 
Aasociation  Report  on  Fossil  Polyzoa  (5th  of  the  series),  relying 
upon  a  general  experience  of  the  subject,  I  naturally  suggested  that 
the  poverty  of  a  British  Eocene  Polyzja  fauna  may  be  ascribed  to 
want  of  research  rather  than  to  a  positive  absence  of  forms.  My 
suggestion  was  futile,  and  I  have  learned  since  that  Eocene  Polyzoa 
is  indeed  scarce,  both  in  this  country  and  on  the  continent.  My 
friend,  Mr.  Bell,  writing  me  on  the  subject,  goes  into  the  question 
rather  fully,  and  as  there  is  a  scientific  value  in  his  remarks  I  cannot 
forbear  quoting  and  endoi^sing  his  views. 

"  Considering  the  richness  of  other  sections  of  organic  life  in  the 
Eocene,  the  great  poverty  of  the  Molluscoida;  Brachiopoda  and  Poly — 
zoa,  is  very  remarkable,  and  tliis  poverty  does  not  arise  from  aive 
oversight  on   the  part   of  collectors,  or  for  want  of  looking   for 
Some  thousands  of  specimens  having  passed  through  the  hands  t-m^ 

one  or  other  of  us,  it  is  possible  to  speak  with  some  amount  of  rei 

tainty  upon  this  head.  Oi  tlie  few  species  listod,  M,  Lacroixit,  Fln^sr^ 
tra  rrassa,  and  Lunulites  nrceolatuSy  are  the  commonest,  but  are  1  ~^ 
no  means  abundant ;  and  the  first  two  have  a  wide  range  in  Eocei^  i 
time.  Neither  do  they  occur  in  any  quantity  in  the  Continenfcr  ^ 
Eocene  fauna,  as  an  examination  of  some  tliousands  of  shells  fn  ^  i 
the  Paris  basin  will  expose  an  equal  sparseness. 

The  cause  of  this  absence  is  difficult  to  explain,  as  far  as  "t:  1  ^ 
free-growing  Cyclostomata  are  concerned,  unless  that  the  soil,  or  fo«x" 
or  other  conditions  of  life,  was  not  favourable  for  their  developmoii^l 
For  the  adnate  Cheilostomata,  the  want  of  such  shells  or  adhere  *> 
surfaces  proper  for  their  liabitat  may  be  sufficient  cause. 

Reasoning  from  the  rich  Crag  fauna,  it  would  appear  that  Poly^K*^'** 
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require  certain  genera  of  Mollusca,   and  only  certain  species  of 

these  are  selected,  dead  shells  and  shell  banks  among  the  bivalves 

especially  being  in  demand,  Pectin  ojyercularis  and  P.  Gerrardii : 

Pectunculus,  Gytherea  riidis,  PholaSy  Solen,  TelUna  crasm  and  ob- 

li'qua,  Pusus  antiquas,  Nassa  and  CollumhelUi.    Other  genera  are  less 

so,  and  of  these  Fissarella^  Capulus,  Bncclntnn,  Purpura  tetra{fOfia, 

Oatrea,  and  Cardium,  are  the  chief.     IVrebratuhc  are  good  hunting 

grounds  in  the  Coralline,  but  not  in  the  l{e<l  Crag.     With  the  ex- 

reption  of  Solen,  Pectnncuhis,  and  others,  these  genera  are  rare,  or 

at  least  numerically  so,  individually  in  the  Eocenes,  and  of  these  it 

may  be  said  that  very  few  examples  are  known  in  a  worn  or  "  dead  " 

condition.    Drifte<l  shell  banks  are  not  common.    Most  of  the  species 

Are  in  their  native  haunts,  or  where  they  have  been  removed,  the 

Kenera,  such  as  Oypiina^  are  not  those  selected  for  attachment. 

The  conditions  of  life  again  are  not  favourable  :  the  Eocene  of 
Kiigland  consisting  of  either  sharp  sand  or  muddy  clay,  estuarine  or 
sh  water  beds. 

.  Sharp  sand  is  also  unfavourable  for  preservation,  as  in  the  case 

f  the  Oldhaven   sand  at  Bromley,  where  the  Pectuncull  are  in 

illions,  with  the  surface  nearly  all  decorticated,  and  in  the  London 

'lay,  casts  of  the  shells  are  alone  preserved  (save  a  few  portions  of 

e  test)  in  apyritised  condition. 

There  is  only  one  other  reason  I  can  suggest  for  their  absence, 

^.^.,  that  the  Molluscoida  had  reached  their  apogee  in  the  Cretaceous 

I>€riod,  and  only  few  genera  And  individuals  represented  this  class  of 

organisms,  till  other  times  and  conditions  more  favourable  to  their 

c^^stence  came  in,  in  other  words,  they  were  non-existent."* 

In  the  following  monograph,  for  the  sake  of  fiiture  students,  I 
*^ve  collected  together  all  that  is  known  respecting  the  few  Eocx^ne 
'*P^ies,  but  whenever  I  could  I  have  corrected  the  older  work  by 
^ferences  to  my  own  and  the  loaned  collections ;  the  new  species  and 
^^rieties  arc  additions  to  all  previous  lists,  and  described  from  ex- 
^^ples  in  my  own  cabinet. 

*  Brit.  Amoo.  Report  on  Recent  Poljzoa,  1 886-6,  p.  192  of  Report. 
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t  Allird  to  if  aot  iilgutlol  with  Rius'a  spei^ifi. 

Description  of  Species." 

(leuerfilly  I  bave  fallowed  tlie  clas^ficfltinii  of  Mr.  Hincka  in 

British  Marine  Pnlyzua.     Some  of  the  species,  however,  esi>ecialiy 

those  adopteii  from  Mr.  Busk  niid  Mr.  Lonsdale,  I  liave  Mllowed  t.» 

reiimiii  under  the  generic  terms  adopted  hy  tliese  respected  authors. 

Sub-Order  Uhkilostomat.*  Buck. 

I''amily  Gemill.*rid-b  Busk. 

Genus,  Dittosaria,  Bnsk. 

ISfifi.  Polyzna  of  the  London  Clay,  Geol.  Mag.,  vol.  IIL,  p.  3. 

Znarimn  rigid,  cah'areous,  dichotoinous.     Z'Xtriit  aduate  hy  tli»~ 

back,  and  tliroiving  out  a  double  cell  at  each  dichotomy. 

*  NoTB.— Neail;  the  whole  of  the  ipedes  ot  Eocene  Poljcoa  tefecied  to  in  tbi^ 
p^tvharo  been  fl^nred,  and  the  rendet  will  find  at  the  end  ample  deaoription^ 
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1.     DiTTOSARiA  Whetherellii,  Busk.     Geol.  Mag.,  vol.  iii.,  p.  4, 

pi.  xii.,  fig.  3. 

Allied  to  Gemellaria  loricata,  but  the  orifice  of  the  Zooecia  is 
much  smaller  and  nearly  round.  Mr.  Busk  says  that  '*  the  ^all  of 
the  cell  is  sparsely  punctured  so  as  at  first  sight  to  suggest  a  suspicion 
that  the  species  may  belong  to  the  cyclostomatous  sub-order,  but 
close  examination  of  the  orifice  will  show,  I  think,  signs  of  the  ar- 
ticulation of  an  operculum,  were  not  the  veutricose  form  of  the  cell 
itself  a  suflicient  indication  of  the  true  place  of  the  species." 

Habitat :  On  Stone  ? 

Horizon :  London  Clay,  Highgate.    Collection  of  N.  T.  Wetherell. 


Family  MfiMBRANiPORiDiE. 
2.    Membranipora  Lacroixii,  Busk.  Geol.  Mag.  vol.  iii.,  1866. 

Lacroixii,  Savigny,  Egypt,  pi.  10,  fig.  10. 
Lacroixii,  Busk,  B.  M.  Cat.  p.  60,  pi.  69. 
Lacroixii,  Hincks,  B.  M.  Pol.  p.  129,  pi.  xvii. 
Flustra  distans,  Hassall,  Johnston. 

„       Peachii.  Couch. 
Conopeum  reticulum,  Gray. 

There  are  in  the  Eocene  rocks  fragments  of  a  species  of  Mem- 

^f^<€nipora  allied  to,  if  not  identical  with,  this  widely  distributed 

fox^ni.    Mr.  Busk,  in  describing  three  species  of  Polyzoa  from  the 

^^ondon  Clay  at  Highgate,*  says,  **  I  am  unable  to  perceive  any 

®*4Sential  diflference  between  the  form  here  represented  and  the 

^-Xi  sting  species  {M.  Lacroixii).  ...  In  general  aspect  and  mode  of 

^TtXiwth,  .  .  .  the  two  agree  very  closely.     The  only  distinction  I  am 

^  ole  to  draw  between  the  Eocene  and  recent  form,  as  exemplified  in 

^  Specimen  now  before  me,  collected  by  the  late  Mr.  W.  Thompson, 

^^  ^Belfast,  at  Portmarnoch,  consists  in  the  somewhat  greater  thick- 

^^*58  of  the  septa  in  the  former.     The  two  agree  also  in  the  circum- 

^^nce  that  in  the  septa  of  the  more  worn  cells  there  is  an  appearance 

^f  minute  distant  pores,  which  is  quite  in  accordance  with  the  exist- 

^^ce  in  very  perfect  specimens,  of  extremely  delicate  marginal  spines. 

Habitat :  On  Shells  and  Stones,  &c. 

*  Qcol.  Mag.  1866.  vol.  iii.,  p.  2. 
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Horizon:  Oyster  liecK  Colwell  Bay  (Prof.  Judd) ;  Biuckle^liHiii 
beds,  Isle  of  Wight ;  London  Clay  :  Walton-on-Thaines  (C.  D.  Sher- 
boni)  ;  Higligate. 

In  examples  of  the  above  species  from  Colwell  Bay,  esiiecially 
whenever  the  sides  of  the  cells  are  exposed,  the  delicate  communica- 
tion pores,  three  in  number  (Rosettenplate),  are  seen  to  iierfectitui. 
much  better  preserved  and  less  calcified  than  in  some  of  the  mrn-e 
recent  specimens  in  my  possession. 

3.  Membranipora  ?  crassa,  Desmar. 
Flustra  crassa,  Desm.,  of  authors. 

I  only  know  the  species  by  a  poorly  preserved  example  which  I 
should  not  care  to  attempt  a  description  of  As  the  species  is  quoted 
in  School  of  Mines  Catalogues  it  may  be  well  to  retain  it  in  the  list 
of  Eocene  Polyzoa. 

Horizon  and  Locality :  Thauet  Sands  ;  London  Clay,  Highgiite  ; 
(School  of  Mines  collection.) 

4.  BiFLUSTUA  (Membranipora)  Ei)CENA,  Busk. 

—  Biflustra  eocena,  Busk,  Geol.  Mag.  vol.  iii.,  p.  8,  pi.  xii.,  ^\r.  -J. 

Zairinm  iiregular,  iufundibuliform.  Xocvcia  ol)long,  arfhed 
alM)vc  ;  septu  gi*anular,  double  :  aperture  sub-oval  or  rounded,  the 
lower  border  thickened,  giauular. 

Horizon  and  UmiUtj/ :  Loudon  Clay,  Ilighgatv. 

In  a  memoir  "  Les  Bryozoaires  du  Systeme  Montien,  (Eocene  in- 
ferior),"'*' the  authors  describe  a  ver}'  beautiful  species  under  the 
name  B{fliistra  symmetriv<(,  in  the  Zoarium  of  which  the  cells  are- 
nmch  better  preserved  than  in  our  own.     The  areas  are  rather  uior^ 
elongated  than  in  H.  emrna  and  the  septa  well  granulate.      Not  uiucIb. 
detail  can  be  got  from  the  London  Clay  example,  n.s,  being  embeilde<"l- 
in  a  mass  of  Septaria  the  Zoarium  and  Z(»avia,  have  suffered  ii-i 
consequence. 

b.      DiACIlORIS  INTEJIMEDIA,  Hiucks. 

1881.  =  1).   intermedia,  Hks.,  Ann.  Mag.   Nat.  Hist.,   Au^  - 

p.  133. 
1885.  D.  intermedia,  Watei*s  ;  A.  Bell,  Brit.  Assoc,  llep.  p.  Ill  -S 
Quoted  by  Mr.  Bell  in  the  Eocene  list  supplied  to  me  while  1 1  ▼■ 
Ueport  on  Recent  Pt)lyzoa  was  passing  through  the  press. 

*  A.  Meanier  and  Ed.  Pergens  Louvain,  188G. 
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Horizon  :  Bagshot  Beds,  Isle  of  Wight. 

I  have  no  knowledge  of  the  Eocene  example  of  this  species. 
Those  examples  described  by  Mr.  Hincks  in  1881,  of  which  D.  uUer- 
media  was  one,  were  Australian  fonus  generally  ;  D.  intermedia  is 
from  Tasmania. 


Family  CRiBRiUNiDiE,  Hincks. 
Genus  Membraniporella  (part)  Smitt. 
1880.  Hincks,  Brit.  Mar.  Polyzoa,  p.  199. 
For  remarks  on  this  beautiful  genus,  which  in  the  Brit.  Marine 
Polyzoa  follows  the  GribriVuia  group,  see  the  above.     "  Membrani- 
jjoreUa  is  strictly  a  transitional  form  ;  but  as  its  spines,  in  the  adult 
condition,  are  so  modified  as  to  form  a  front  wall  which  rises  above 
the  margin  and  roofs  in  the  area,  its  place  would  seem  to  be  amongst 
the  Cribrilinida)."     Species  of  the  genus  have  a  very  wide  geo- 
graphical distribution,  but  I  have  no  fossil  range  to  refer  to. 

Membraniporella  nitida,  Johnston.     See  Hincks,  Brit.  Mar. 

Polyzoa,  p.  200. 
The  range  of  variation  in  this  species  is  so  great  in  recent 
examples  that  I  liardly  care  to  create  a  new  specific  name  for  this 
Eocene  form. 
6.     Membraniporella  nitida,  Johnst.     Var.  eocena,  var.  n. 

As  in  recent  species  the  front  of  the  Zowcia  is  disposed  in  lines, 
Varying  from  twenty  to  twenty-six  (10  or  13  on  each  side  of  the  mid- 
rib) in  number.  Unlike  M.  nitidu,  the  lines  at  the  base  of  the 
-^ooecia,  eight  m  number,  are  formed  after  the  manner  of  37.  meto- 
^^>ntha,  Busk,  but  the  cells  are  contiguous,  not  produced.  Hincks 
^^ys  nothing  about  punctures  in  these  flattened  ribs,  but  in  the 
®^>cene  variety  there  are  from  three  to  four  in  some  of  the  horizontal 
^l>s.  Otherwise  the  description  of  the  recent  species  in  Brit.  Mar. 
**oly2oa  will  serve  for  this  variety  as  well  as  regards  the  Oa^cia,  avicn- 
^^ia  and  general  outline  of  the  Zooecium. 

Horizon:   London  Clay,   Isle  of  Sheppey  (discovered  by  Mr. 
^Urubsole). 

In  my  own  cabinet  I  have  several  recent  examples  of  M.  nitida 
^^m  Guernsey  and  the  Red  Sea,  and  so  variable  is  the  ornamentation 
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uf  the  specien  tliat  oue  uaturally  hesitates  increasing  the  uonieii- 
clature  of  the  species.    The  arrangement  of  the  ribs  at  the  b&sc  of 
the  cell  is  sufficiently  distinctive  of  the  variety. 
7.     MiCROPORELLA  vioLACEA,  Johnst.  VaT.  (a),  FissA,  Waters. 

1880.  Microporella  fissa,  Hincks.   Contrib.  Gen.  Hist.  Mar.  Poly. 

Ann.  Mag.  Nat.  Hist  Ser.  5,  vol.  vi.,  p.  381,  pi.  xvii.,  f.  4. 

1881.  Microporella  violacea  var.  fissa,  Waters.     Quar.  Jour.  Geol. 

Soc.,  vol.  xx.Kvii.,  p.  829,  pi.  xv.,  fig.  26,  pi.  xvii.,  f.  73. 
Mr.  Waters  describes  in  his  "  Fossil  Chilostomatous"  Boyozoa  from 
S.  W.  Victoria,  Australia,  a  peculiar  variety  of  the  widely  distributeil 
AL  violacsfi.  Tlie  Ztxirium  is  Eschara-fm'm,  flat  ami  depressed. 
Zowcia  pyrifonn  or  oval,  mucli  mised,  surrounded  by  a  row  of  pores, 
or  in  old  and  worn  cells  covered  with  pores.  ITie  peculiar  character 
of  the  Zooecia  of  M,  vhUicea  will  be  seen  if  the  student  will  refer  t^) 
Brit  Mar.  Polyzoa,  vol.  ii.,  pi.  xxx.,  figs.  1  and  2,  and  in  M.  plu^'uh- 
pora.  var.  0,  the  Crag  form  of  M.  violacea  in  the  siime  plati?.  Inter- 
callery  cells,  much  smaller  than  the  regular  Zooecia,  are  shown  in  fig.  4. 
The  London  Clay  variety  of  M.  violacea  seem  to  combine  all 
the  variations  pointed  out  by  Mr.  Hincks  and  Mr.  Waters  in  their 
description  o\'  J^pra/la  p/agitfjMtra,  Busk,  and  JA  violacea ^  var.  /fi<.<(t. 
Waters. 

Var.  0.  There  is  still  another  variety  of  this  species  in  my 
collecti(»n,  but  I  have  not  sufficient  material  at  my  disposal  to  venture 
on  a  wider  separation.  This  is  Eschara-fonn  like  the  ,tissa  variety, 
but  the  Zoa'cia  are  smaller  and  the  slit  beneath  the  vsmall  pore,  either 
entirely  absent  or  less  pronounceil,  the  fi-ont  of  the  cell  l>eing  aln)(>^^t 
or  entirely  punctate. 

Horizon  and  J^fOcuiitt/ :  Bnicklesham  IkhIs,  Isle  of  Wight. 
s.     EscHARA  i  Brongnurtu,  M.  Va\. 
183(5.  Eschara  Brongniai*ti,  M.  Ed.     ^Vnn.  des  Sc.  Nat.  2nil  serie-s. 

Ivi.,  pi.  xi.,  figs.  9-9/>. 
1838.         „  ,,  M.  Ed.     Rech.  sur  les  Polypes,  and  sur 

Eschares  fossiles ;  Paris  basin. 

1850.         „  „  ;!' Lonsdale.    Geol.  Sus.,  Tab.  1,  figs.  9-9r 

Zmirium  fojiaceous.    Zooecia  symetrically  placed  in  the  opposite 

layers,  not  overlay ed  at  either  extremity,  pear  shai)ed,  boumled  by  a 
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row  of  foramina ;  surface  area  small,  nearly  solid ;  mouth  in  same 
plane  with  surface  large,  semioval,  curved  margin,  slightly  raised, 
straight  or  proximal  margin  flat,  slightly  inclined  inwards  ;  "  one  or 
two  foraminated  vesicles  at  proximal  angles  of  mouth;"  interior  of 
cells  nearly  similar  in  shape  to  exterior;  lateral  connecting  foramina 
numerous  neiir  hase  of  wall,  terminal  two ;  dorsal  surface  of  opposite 
layers  not  separable,  extremely  thin ;  walls  of  adjacent  cells  separable, 
glossy  but  uneven. 

Harizan :  Bracklesham  beds.  Isle  of  Wight  (Mr.  Bell's  collection). 

I  have  no  doubt  but  that  the  fragments  in  my  cabinet  belong 
to  this  species,  as  they  answer  the  very  full  description  of  Lonsdale, 
but  it  is  to  be  hoped,  after  the  publication  of  the  present  monograph, 
that  more  attention  will  be  given  to  the  collection  of  Eocene  Polyzoa. 

9.  ESCHARA  sp. 

There  is  a  fragment  of  a  species  of  Eschara  Q.)  in  my  Eocene 
collection,  which  for  the  present  1  leave  as  above,  as  I  am  unable  to 
identify  it.  The  form  is  quite  distinct  from  all  others  that  I  have 
described. 

Horizon :  Brackleshem  beds,  Isle  of  Wight. 

10.  Cellepora  petiolus,  Lonsdale. 

1850.  Cellepora?  petiolus,  Lonsd.     Dixon's  Geol.  of  Sussex,  p.  151, 

pi.  i.,  f.  10. 
1854.  C.  petiolus,  Lonsd.    Morris'  Catalogue. 
1867.  Orbitulipora  petiolus,  Reuss.     Uber,  Bryoz.  aus  dem  deutsch 

Unteroligocan,  p.  217. 
\        „  Haidiugeri,  Stol  oligoc.     Bryoz.  v.  Latdorf. 

1878.  Cellepora  petiolus,  Lonsd.     Catalogue  School  of  Mines. 

Zoarium,  disc-shaped,  attached  by  a  short  cylindrical  hollow 

pedicle,  situated  on  the  edge  of  the  disc.     Zooscia,  in  opposite  layers, 

l>ut  without  intermediate  lamina) ;  rows  in  each  layer  radiating  from 

'he  centre,  irregularly  alternate  ;  cells  globular,  peristome  prominent, 

blinded  by  a  deep  groove  ;  orifice  round  or  slightly  oval.     OoeciUy 

'^'ge,  semi-globular,  covering  the    proximal   portion  of  the  cell ; 

effecting  more  or  less  the  size  of  the  cellular  mouth  opening  into 

^^icle  within  the  cell."     Surface  sometimes  provided  with  a  minute 

^V>ercle  near  distal  edge. 
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Horizon  :  Bartou  beds  ;  Whitecliffe  Bay ;  Brackleiihaiu  ;  Stub- 
bingdon. 

This  seems  to  be  the  most  abundant  form  of  all  tlie  Eocene 
Polyzoa,  as  I  have  examples  from  all  the  above  localities.  In  some 
of  the  masses  of  Bracklesham  Clay,  in  the  soaking  of  the  mass,  at 
least  a  dozen  specimens  may  be  obtained  in  very  perfect  condition. 
The  Whitecliflfe  Bay  forms  are  much  better  preserved. 
1 1 .  Cellepora  sp.  (pumicosa  ?)  (Geol.  Mag.  vol.  iii.,  p.  4. 

^Vmong  Mr.  Wetherell's  collection  Mr.  Busk  found  "  a  very 
minute  Cellej)Of*a,  resembling  some  of  the  minute  globular  specimens 
of  6'  pumicosd." 

Horlxon :  London  Clay,  Ilighgate. 


Family  Selanarid^,  Busk,  1853. 
-  =  Fam.  Asterodiscina,  Lousd.  Dixon's  Geol.  Sus. 

11.      LUNULITKS  UKCEOLATA,  Lauik. 

181G.  L.  urceolata,  Lamk.     Auimx.  Sans  Vert.  t.  ii.,  p.  195. 
183G.    „         „  M.  Ed.,  t.  ii.,  p.  300. 

1850.  L.  urceolata,  /  Lonsd.  Dix.  Geol.  Sus.,  p.  159,  pi.  i.  f,  8. 

Not  GoLDFUSs,  nor  Lamodroux. 
ZiKirhun  obtusely  conical.     Zooscia  in  parallel  rows,  easily  sep- 
amted;  fonn  irregularly  hexjigonal  or  imperfectly  oval;  surface  open, 
margin  sharp,  interior  rounded,  puctured  by  a  few  minute  foramina; 
distal  extremity  slightly  overlying,  walls  between  the  rows  smooth, 
'riiickness  of  Zoarium  slightly  exceeding  the  depth  of  the  Zoavia, 
Vibra<:ula  (—  Intermediate  chambers,  Lonsd.)  in  linear  series,  lozenge 
shaped,  and  variable  in  size.    Concave  surface  ribbed,  foraminateii. 
Horizon :  Biirton,  and  Bracklesham  beds.  Isle  of  Wight. 
My  Bartou  beds  examples  are  mere  fragments,  but  the  \'ibra- 
cular  cells  are  distinct  and  characteristic. 


Sub-Order  Cyclostomata,  Busk. 
Fragments  of  species  belonging  to  this  Sub-Order  are  very  rare, 
and  sometimes  ill  preserved,  but  they  form,  nevertheless,  a  very  pretty 
group  of  Eocene  Polyzoa. 
12.    Crista  eburnea  ? 
1871.     Crisia  ?  Phillips'  Geol.  of  Oxford  and  Valley  of  the  Thames_ 
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1886.     =  Crisiasp.  Alfreil  Bell 

A  small  fragment  of  Crisia,  probably  belongiug  to  C,  eburneHy  is 
all  that  I  have  a  note  of,  as  indicating  the  existence  of  species  of 
this  group  in  Eocene  rocks. 

Horizon :  London  Clay.  (Phillips) 

Cnnia  eburneu,  in  fniguients  of  course,  have  been  found  in  Post 
Pliocene    rocks,    Montreal :    British    PidiL'olithic :     Scotch   Glacial 
deposits :  Austro-Hungarian  Miocene.     I  have  also  found  fragments 
in  Australian  Yarra-Yarra  material. 
13.    Idmonea  coronopus,  Defrance  ? 

1850.     Idmonea  coronopus,  Limsd.     Dixon's  Geol.   Sus.   p.  158, 
pi.  ix.,  f.  24. 
(Idmonea  Atlantica  ?  Forbes),  Busk,  Hi  neks. 

Zodrium  dichotomously  branched  ;  branches  diverged  exc^ntri- 
rally,  more  or  leas  rounded  on  the  back  ;  transverse  rows  of  tubular 
Zocecia,  blended  along  the  medial  line,  forming  a  crest ;  erect,  less  in 
height  tlian  the  depth  of  reverse  portion  of  branch. 

Horizon :  Bracklesham  beds.  Isle  of  Wight. 

The  species  described  by  Defrance  is  placed  both  by  Busk'*'  and 
Hinckst  as  synonyms,  though  d(»ubtfully,  of  Idmonea  Atlantica, 
Forbes. 

The  /.  Atlanticoi t\i^  Post  Pliocene  beds  of  Garvel  Park  especially, 
is  a  most  variable  species,  but  whether  it  reaches  back  to  the  Eocene 
beds  is  rather  doubtful ;  still  beyond  this  I  must  admit  that  the 
frigmenta  in  my  possession  help  to  favour  the  references  of  Busk  and 
Hincks.  I  think  it  wise,  however,  for  the  present  to  leave  it  where 
Ix>D8dale  placed  it. 

15.    Idmonea  qracillima,  i  Ueuss. 
1869.    Paheont.  Stud.  Tertiar.  d.  Alpen.,  pi.  xxxv.,  tigs.  1-2. 

There  are  fragments  of  /.  gracillima,  Reuss,  amongst  the 
"Bryozoenschichte  von  Montecchio  Maggoire,"  which  closely  resemble 
^  species  which  I  place  here  rather  doubtfully.  I  cannot  give  many 
details  of  the  British  example,  but  while  comparing  specimens  of  the 
Kortli  Italian  form  I  could  not  help  noticing  a  resemblance,  though 


*  1875.  Pt.  iii.  Brit.  Mae.  Cata.  BobV,  p.  11. 
t  ISSO.  Brit.  Mar.  Poly.  HinckB,  p.  iTA, 
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faint,  between  these  and  the  British  example.    Mr.  Busk  hail  a  bniall 
fragment  oddmoned  in  the  Wetherell  collection, but  he  did  not  attempt 
identitication  on  account  of  its  imperfection. 
Horizon :  London  Clay,  Sheppey. 

16.  HoRNERA  sp.  (minuta  sp.  n.  ?) 

One  single  fragment  of  a  species  of  Hornera,  resembling  some 
of  the  minute  dichotimous  forms  found  in  the  Crag,  but  I  cannot 
identify  it  as  belonging  to  any  of  these,  it  is  well  however  to  pre^serve 
the  reconl.  Zoarium  flattened  at  the  base  where  it  lias  been  attached 
to  some  foreign  body,  arising  from  which  are  two  minute  branches 
having  cells,  about  six  in  number. 

Horizon :  Brackleshem  beds,  Isle  of  Wight. 

17.  Hornera  sp.  (flabelliformis  ?  Blainville). 

Amongst  Mr.  Al&ed  Bell's  collection  is  a  specimen  of  a  flat, 
branching,  flabellifomi  Hornera,  probably  referable  to  H.  flabeHi- 
formisy  Blaiuv.  =  ?  H.  FerussdcUy  Michelin  (Eocene  and  Miocene), 
but  unfortunately  none  of  the  cells  are  exposed.  The  face  is  buried 
in  a  matrix  of  clay,  but  it  is  the  largest  example  of  all  the  Brackles- 
ham  Polyzoa,  and  if  I  were  to  attempt  the  wasliing  of  it  the  whole 
symmetry  of  the  fonn  woidd  bo  destroyed.  It  is  possible  tliat  free 
examples  of  this  species  may  be  found  if  carefully  looked  after. 

Horizon  :  Bracklesham  beds.  Isle  of  ^^'ight. 

These  are  the  whole  of  the  true  Eocene  species  that  I  am 
ar(iuaiuted  with.  In  higher  beds,  however,  Mr.  Bell  assures  me  there 
is  to  be  found  at  times  fragments  of  rock  derived  from  the  earlier. 
In  a  note  he  says,  **  Looking  over  a  parcel  of  stuft'  from  the  Post- 
Tertiary  deposit  of  Selsey,  in  Bracklesham  Bay,  I  came  across  the 
enclosed.  It  appears  to  me  to  be  of  Eocene  origin."  The  material 
itself,  a  piece  of  line  sandy  conglomerate  in  all  probability  was 
derived,  but  it  was  encrusted  by  Polyzoa,  a  very  fine  specimen  of 
Lepralia  Pallasiana,  Moll. 

In  space  this  species  hiis  a  wide  geographical  range  ;  in  time  it 
reaches  back  to  the  Coralline  Crag. 

Foreign  Eocene  Polyzoa,  Calcaire  grossier, 
=  Bracklesham  beds,  Lyell. 

The  foll«)wing  species  from  the  "  Calcaire  grossier  de  Mon> 
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have  been  described  and  partly  figured  by  A.  Meimier  and  Ed. 
Pergens.*  The  probable  horizon  of  the  Calcaire  grossier  rocks  are 
on  a  line  with  our  Brackleshain  beds  according  to  Lyell,  but  are 
characterised  as  "  Eocbne  inferieur"  by  the  authors.  The  number  of 
fragments  on  which  observations  and  identifications  were  based 
amounted  to  between  500  and  600,  out  of  which  about  31  species 
were  identified,  but  only  24  are  described.  The  others  are  reserved 
for  fiirther  identification. 

'fhe  list  will  be  valuable  to  students  of  the  Polyzoa  fauna  of  our 
Eocene  Rocks.  Besides  the  Polyzoa  there  were  a  fine  series  of  Ostra- 
coda  and  Foramnifera,  and  altliough  Polyzoa  are  rare,  comparatively, 
in  the  Bracklesham  beds,  Ostracoda  and  Foramnifera  abound  in  the 
finer  debris  of  the  clay,  but  I  cannot  *ay  to  what  extent.  Foram- 
nifera (about  60  species)  are  abundant  as  individuals  in  the  London 
Clay  of  Sheppey. 

Polyzoa  (=  Bryozoa,  of  Authors) 
Sub-order,  Cheilostomata,  Busk. 

Family  Cellularid^. 
1.     Cellularia  diplodidymioides,  Men.  and  Perg. 


2. 
3. 
4. 


Family  Cellarid^. 
Cellaria  mucronata,  M.  et  Perg. 
„       vandenbroecki,  M.  et  Perg. 
„       hians,  Reuss  =  Vincularia  hians,  Rss. 


5.    Planicellaria  eocena,  M.  et  Perg. 


Family  MEMBRANIPORIDiE. 

6.    Membranipora  subtilimargo,  Rss. 


7. 

symmetrica,  M.  et  Perg. 

-  Biflustra. 

8. 

angulosa,  Rss. 

9. 

gothica,  M.  et  Perg. 

10.. 

oblonga,  D'Orb. 

11. 

squamosa,  M.  et  Perg. 

— 

*  Louvain,  18S6. 
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Family  Micropobid.e. 
V2.    Micropora  gracilis,  Munst.  sp. 

Family  Migroporeluda. 
18.     Bactridinm  Hagenowi,  Rss. 

Family  Myriozoidjb. 
14.     Si*hizoi)orella  phymatopora,  Rss. 

Family  Escharid^. 
ir».     One  si>ecie8  of  Eschara  only,  found  in  the  material, 

Family  Selenaridje. 
16.    Uupularia  Houzeaiii,  M.  et  Perg. 

Sub-order,  Cyclostomata,  Busk. 


Family  TuBrLiPORiDiK. 
17.     Tubulipora  plumula,  Rss. 
IS.  ,,  diniidiat^v,  Rss. 


Family  Entalophoridje. 

19.  Pustulopora  Corneti,  M.  et  Perg. 

20.  Entalophora  montensis,  M.  et  Perg. 


Family  Idmoneid/e. 

21.  Idmoiiea  concava,  Rss. 

22.  „        gracillima,  Rss. 

Two  other  «pecies  of  Idmonea  are  in  the  Author's  possessioi 
names  are  reser^-ed  for  more  complete  identification. 


Family  Liciienoporid*. 

23.  Discoporella  Griguonensis,  M.  Ed. 

24.  liichenopora  Defraiiceiana,  Mich. 


Description  of  Figures.    Plate  V. 
(See  Text  for  Localities,  &c.) 

1.  Dittosaria,  Wetherellii,  Busk.     Natural  size  and  enlargec 

2.  Membranipora   Lacroixii,   Busk,     London    Clay,    Higl 


*■■    EOCawB   PoT.v,«. 
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•'.    Mt  iiil»iaiii|)()ni  Lacroixii,  Busk.    3a,  Communication  pores  in 

side  walls.  Up.  Eocene,  Colwell  Bay. 

4.  Biflustra  eocena,  Busk.    4a,  Natural  size  of  fragment. 

5.  „        symmetrica,  Meu.  et  Pergeus.    Foreign  example. 

6.  Membraniporella  nitida,  var.  eocena,  n.  var.     Natural  size. 

6fl[.  „  „      Four  cells  from  about  the  middle  of 

colony,  showing  Ooecia  and  avicularia, 
one  cell  reversed  as  in  the  colony. 
6^.  „  , ,      Zooecia,  rather  more  perfect,  with  Ooecia 

and  avicularia.    6r,  dotted  bar. 
7-     Micropcjrella  violacea,  var.  lissa.  Waters.      Colony  magnified 

about  twice. 
7<»-  „  „         var.  a.     A  few  cells  magnified  to  show 

character. 
^^-  „  „         var.  b. 

^-      Eschara  ?  Brongniartii,  M.  Ed.    Natural  size  and  enlarged,  8a. 
^-      Eschara  ?  (Membranipora  ?)  sp.  9-9a.  Natural  size  and  magni- 
fied ;  96,  to  show  the  Escharafomi  character  of  example. 
1^^-      Cellepora  petiolus,  Lonsd.     Four  examples,  showing  the  variety 

of  size  in  this  peculiar  species,  which  in 
the  Bracklesham  beds  are  most  abundant. 
Pkamples  vary  much  from  size  of  figures 
to  nearly  ^  inch  in  diameter. 
1^.  „  „       A  small  colony  enlarged. 

1W».  „  „        Side  view,  showing  point  of  attachment. 

1^-     Lunulites  urceolata,  Lamk.  Fig.  Ha.  A  few  cells  with  lozenge- 
shape  avicularia.  Hi  reverse. 
^'^-     Idmonea  coronopus  (Defr.)  Lonsdale.     Natural  size  and  mag- 
nified. 
IS.         „        gracillima,   Reuss.     Natural    size,    and    side    view 

enlarged. 
U.    Homera  sp.  (minuta  sp.  n.  ?)    Unique. 
15.        „        (flabelliformis  ?  Blainv.)     The  whole  of  the  colony 

depicted  ;  enlarged  about  1^  times  ;  embedded  in 
matrix,  reverse  only ;  branches  flat,  striated,  and 
slightly  rounded  or  angular. 
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NOTKS  ON  THE  DRIFFIELD  AND  IfARKET  WEIGHTON  RAILWAY. 

BT  REV.   E.   MAULE  COLE,  M.A. 

The  construction  of  a  new  railway,  however  small,  affords  oppor- 
tunity for  fresh  geological  sections.  In  the  present  instance  the  line 
is  only  13^  miles  long,  and  presents  no  new  features,  but  it  is 
interesting  in  some  respects,  especially  at  its  western  end,  where  it 
shows  the  position  of  the  chalk  as  regards  the  underlying  beds. 

It  was  pointed  out  long  ago  by  Phillips  that  a  sub^retaceous 
anticlinal  existed  somewhere  about  Garrowby,  stretching  east  and 
west,  which  seemed  to  cut  off  the  Oolitic  rocks  in  North  Yorkshire 
from  those  southwards  about  Market  Weighton,  but  whether  these 
rocks  were  removed  by  denudation  previous  to  the  deposition  <rf  the 
chalk,  or  thinned  out  against  an  old  submarine  shore-line  was  doubt- 
ful. The  (luestion  is  by  no  means  settled  yet,  but  the  facts  are 
these  :  the  Lower  Calcareous  Grit  and  Oxford  Clay  of  the  Middle 
Oolites  make  their  last  appearance  from  the  north  at  Hanging 
Grimston,  near  Acklam.  Tlie  estuarine  sandstones  of  the  Lower 
Oolites  share  the  same  fate,  except  for  a  small  patch  at  Kirby  Under- 
dale  and  Grimthorpe.  These  latter  come  on  again  south  of  Market 
Weighton.  Between  Hanging  Grimston  and  Sancton  the  rock.s, 
which  underlie  the  chalk,  are  composed  of  Lower  Lias,  so  that  a  vast 
gap  appears .  The  mass  of  rocks,  which  constitute  the  moorland  of  North  - 
Bast  Yorkshire,  consisting  of  estuarine  sandstones,  with  their  inter- 
calated marine  limestones,  notably  the  Scarborough,  Millepore  and 
Dogger  beds,  which  attain  at  the  Peak  a  thickness  of  600  feet,  are  want- 
ing, as  well  as  the  Upper  and  Middle  Lias.  A  well,  sunk  300  feet, 
at  Huggat^,  revealed  the  fact  that  these  be<ls  were  absent  far  within 
the  present  western  contour  of  the  Wolds.  It  is,  therefore,  clearly 
established  that  the  non-appearance  of  these  rocks  is,  at  all  events, 
not  due  simply  to  the  overlapping  of  the  chalk. 

I  am  inclined  to  think,  though  I  speak  with  hesitation,  that  the  ^-- 

anticlinal  above-mentioned  is  not  improba})ly  connected  with  tin ^ 

ancient  anticlinal  from  the  west,  noticeable  at  Harrogate,  and  tha* 
the  Liassic  beds  of  North  Yorkshire  were  dei>osited  in  a  se])arate  are: 
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from  those  of  South-East  Yorkshire,  whilst  the  lower  Oolitic  rocks 
were  partly  so  cut  oflF.  The  reasons  for  this  opinion  I  have  already 
stated  in  some  notes  on  the  Hull  and  Barnsley  Railway,  contributed 
at  the  time  of  its  construction  to  this  Society,  and  which  need  not  be 
repeated. 

To  come  to  the  present  railway  :  commencing  at  the  Driffield 
end,  the  line  of  rails  for  the  first  3^  miles  is  laid  on  a  slight  embank- 
ment, crossing  the  mouth  of  the  valleys  from  Aldro,  Wayrham,  Bur- 
dale,  Sledmere,  and  Huggate,  which  here  united  debouch  upon  the 
plain  of  Holderness.  Two  cuttings,  in  the  first  mile,  are  in  clean 
water-washed  chalk  gravel,  consisting  of  small  flat  pieces  of  chalk 
with  rounded  edges,  such  as  is  commonly  found  in  the  valley  bottoms. 
From  3^  to  4^  miles  there  is  a  cutting  in  Boulder  Clay,  showing  in 

the  deepest  part,  15  feet,  the  following  section  : — 

Ft     In. 
Boulder  Clay      ...  ...  ...       7      0 

Chalk  Gravel      ..  ...  ...  ...       2      0 

Upper  Chalk,  without  flints  ...  ...       6      0 

Prom  this  cutting  a  large  boulder  of  Whin  Sill  was  extracted.  There 
are  several  others  in  the  immediate  vicinity. 

In  the  next  cutting,  half  a  mile  distant,  close  to  Bainton,  also 
15  feet  deep,  six  feet  of  Boulder  Clay  was  exposed,  but  no  chalk 
gravel.  The  surface  of  the  underlying  chalk  was  remarkably  uneven, 
having  been  worn  into  numerous  pockets  or  pipes,  probably  by  the 
action  of  rain  charged  with  carbonic  acid. 

A  capping  of  Boulder  Clay  was  found  as  far  as  6i  miles,  extend- 
ing to  near  the  village  of  Middleton.  At  this  place  there  is  an 
extensive  deposit  of  fine  sand,  flinty  gravel  with  foreign  admixture, 
uid  rounded  boulders  of  chalk,  which  has  every  appearance  of  an 
^ent  sea-beach,  accumulated  in  a  bight,  at  an  elevation  of  from 
150  feet  to  175  feet  above  sea-level. 

A  little  beyond  Middleton  the  first  deep  cutting,  in  Middle 
Chalk  with  flints,  occurs,  reaching  at  Lair  Hill  a  depth  of  32  feet. 
The  prevailiug  fossil  was  a  large  thick-ribbed  inoceramus,  (/.  Cumeri); 
Iwge  rounded  baUs  of  flint  were  also  common.  Human  remains  were 
found  at  several  places  in  this  cutting,  as  also  in  the  two  previous 
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ones,  and  on  the  top  of  Lair  Hill  the  section  exposed  an  unusual 
depth  of  surface  soil,  with  several  trenches  5  feet  deep,  in  which  were 
found  horns  and  bones  of  deer. 

The  cliief  cutting,  67  feet,  is  at  Enthorpe,  distant  10  miles  from 
Driffield.  Here  a  magnificent  section  of  the  Middle  Chalk  is  obtained. 
I  counted  no  less  than  39  beds  of  tabular  flints  in  a  depth  of  about 
100  feet,  allowing  for  the  dip,  most  of  which  were  persistent  and  very 
marked.  The  beds  of  clialk  were,  as  a  rule,  massive,  not  slaty,  and 
I  identify  the  zone  as  that  called  the  "  barren  zone"  of  Blake,  only  it 
must  bo  quite  twice  the  thickness  which  he  gives.  Very  few  fossils 
were  found.  A  workman  told  me  that  he  had  hit  upon  a  number  of 
small  shells  adhering  to  the  under  surface  of  a  large  flint,  but  the 
specimen  had  not  been  preserved.  An  interesting  section  of  a 
tiunulus  was  ex])osed  on  the  top  of  the  hill,  showing  the  encircling 
ditch,  5  feet  deep,  and  20  yards  in  diameter,  so  filled  up  with  earthy 
matter  that  its  existence  would  not  have  been  suspected.  The 
mound  itself  was  scarcely  visible,  having  been  ploughed  down.  A 
whole  cluster  of  tumuli,  numbering  from  16  to  20,  may  be  seen  at 
this  point,  which  seems  to  have  been  a  favourite  burying  place  for 
the  early  Britons. 

Here  too  the  railway  cuts  tlirough  an  ancient  entrenchment, 
ninning  north  and  south  for  miles  each  way.  A  section  of  the 
partially  filled  ditch  shows  that  it  must  have  been  seven  or  eight  feet 
deep,  between  two  ramparts.  This  entrenchment  fonns  the  boundary 
line  of  several  parishes,  e.g.,  Warter  and  North  Dalton,  Lund  and 
(joodmanham  ;  but  it  is  not  always  a  bounda^}^  Hence  I  conchide 
that  this,  and  similar  entrenchments,  which  are  frequent  on  the 
Wolds,  were  more  ancient  than  parishes,  and  were  utilized,  but  not 
constructed,  for  marking  their  boundaries.  It  is  noticeable  that  every 
parish  between  York  and  Bridlington  is  bounded  by  an  old  road, 
passing  through  Wetwang,  which  follows  a  line  of  entrenchments, 
still  preserved  on  both  sides  of  the  monninent  erected  t<>  the  late  Sir 
Tatton  Sykes. 

Another  peculiar  feature  was  observed  at  the  Enthorpe  cutting. 
nf)t  far  from  the  tumulus  first  mentioned,  but  on  t'^e  opposite  (south) 
side.     A  large  hollow  in  the  chalk  rock  was  exposed,  some  25  yard 
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long,  with  a  varying  depth  of  bottom,  from  4  feet  to  12  feet,  consist- 
ing of  numerous  pockets.  This  was  filled  in  all  round  the  edge  of  the 
pockets  with  black  material,  clayey  soil,  and  flints  partially  cemented, 
having  a  yellow  tinge  ;  streaks  of  stratified  chalk  gravel  and  flints, 
were  visible,  in  places,  running  across  the  face,  and  the  whole  was 
covered  with  two  or  more  feet  of  rain-wash. 

At  the  next  cutting  but  one  from  Enthorpe,  distant  about  i  mile, 
the  grey  chalk  put  in  its  appearance  in  a  slight  cutting,  5  feet,  on 
the  right  hand  side.  Here  a  dark-coloured  band  of  marly  matter, 
one  foot  thick,  in  the  fonn  of  an  arc  of  a  circle,  depressed  in  the 
centre  to  the  line  of  rails,  and  extending  for  over  30  yards,  was 
visible,  followed  by  grey  chalk,  3  feet,  and  a  second  concentric  band 
of  grey  marl  one  foot  thick.  It  is  probable  that  this  represents  the 
lone  of  Belemnitella  plena,  which  divides  the  middle  from  the  lower 
chalk.  The  same  upper  bed  was  represented  in  the  next  cutting  on 
the  left,  only  darker  in  colour,  and  contorted.  The  lower  marl  was 
absent. 

The  rsilway  next  crosses  a  slight  valley.     On  the  left  a  well  was 

sank  in  the  bottom,  cutting  tlu-ough  Red  Chalk  some  way  down ; 

whilst,  on  the  right,  50  yards  distant,  there  is  a  slight  cutting  in  Red 

Chalk,  evidently  the  Hunstanton  limestone,  showing  a  fault  of  some 

60  or  70  feet.     Mr.  G.  W.  Lamplugh  tells  me  that  he  noticed  a 

yellow  band  below  this  red  clialk,  which  may  be  taken  to  represent 

the  6  inch  bed  of  Neocomian  to  be  seen  at  Acklam  Brow,  and  which 

I  described  in  my  paper  on  the  Red  Chalk,  communicated  in  1878, 

itt  a  section  at  Warter  Brickyard,  as  one  foot  of  "orange-coloured 

d&y,"  between  the  Red  Chalk  and  Lias. 

Prom  this  point  to  Market  Weighton  the  beds  consist  of  Lower 
liw ;  all  else  is  absent. 

The  next  cutting,  opposite  to  Mr.  Leighton's  house  at  Good- 

^"^^oham,  presents  a  curious  section,  which  I  give  in  detail : — 

Ft.     In. 
Surface  Soil      ...  ...  ...  ...         1      0 

lias  Rubble  . .  ...  ...        3      0 

Fine  Reddish  Sand  ...  .  06 

Lias  Rubble  ...  .■  ...        0      9 
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Ft.      In. 

Fine  White  and  Pink  Sand  ...  ...        0      4 

Chalk  Wash,  with  numerous  Flints,  Fragments 
of  Red  Chalk,  and  Pyrites  ...  ...         1      0 

The  four  lower  beds  are  distinctly  stratified,  and  are  due  to  the 
action  of  water,  perhaps  percolating  under  an  ice-covering;  the  Lia.s 
Rubble  on  the  top  may  be  due  to  a  subsequent  slip.  The  common 
Gtypkctu  ificurva  was  ubiquitous,  and  marks  the  zone  as  that  of 
A,  Bucklandi 

In  the  last  cutting,  23  feet,  before  reaching  the  road  from  Goo<l- 
manham  to  Market  Weighton,  the  following  section,  again  allowing 

for  the  dip  to  the  N.R,  was  obtained  : — 

Ft.     In. 

Limestone    and    Blue    Clay,    with   Gryphwa 

incurva  ...  ...  ...  ...         6      U 

Light-coloured  Clays  and  Limestone  :  a  spring 
a u  oase  •>.  ...  ...  .•• 

Blue  Clay,  thinning  west ... 

Grey  Limestone 

Dark  Blue  Clay 

Grey  Limestone 

Dark  Blue  Clay,  almost  black,  selenitiferous 
full  of  young  of  Lima  glgantea  ...  ...        8      0 

On  the  south  side  these  beds  were  much  contorteii,  probtibly  from 
slipping,  but  possibly  from  glacial  pressure,  but  not  on  the  north  side. 
Fossils  from  these  beds  are  in  the  possession  of  Mr.  Parkinson, 
of  Market  AVeightoii,  and  may  certainly  be  referred  to  the  A.  angulatits 
zone,  but  whether  the  lowest  bed  above-mentioned  may  be  correlate<l 
with  the  upper  beds  of  the  A.  pUtnorbis  zone,  as  I  am  inclined  to 
think,  must  be  determined  by  better  authorities  ;  at  all  events  tlie 
oyster  beds  and  Pleuromya  limestones  were  not  reached. 

On  this  elevation,  traversed  at  the  base  by  a  road  known  as 
Humber  Street,  leading  from  Londesborough  to  Brough,  and  suppose^l 
to  be  Roman,  a  quantity  of  Roman  pottery  was  disinterred  from  the 
surface  soil,  consisting  of  three  kinds,  viz.,  fragments  of  Samian  ware; 
tliin,  smooth,  light-grey  pottery,  such  as  found  by  Mr.  T.  Bo}'nt4>n 
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at  Ulrome,  and  coarse  black  pottery,  with  particles  of  chalk  in  it. 
Some  beads,  ornaments  of  jet,  iron  spear-heads,  and  Roman  coins 
were  also  found.  The  whole  of  the  above  are  in  the  possession  of 
Mr.  Parkinson  of  Market  Weighton,  who  has  taken  much  interest  in 
collecting  them. 

On  the  whole  the  cuttings  are  decidedly  interesting,  though  they 
do  not  add  much  to  our  previous  geological  knowledge. 


ON   A  BOULDER  WITH   CUP  AND   RING  MARKINGS  AT  liORSFORTU. 

BY   WILLIAM  CHEETHAM,   ESQ. 

The  Boulder  was  found  a  year  ago  about  six  inches  beneath 
the  surface  of  the  ground,  when  levelling  for  Lawn  Tennis  near  Ash- 
field  House,  Horsforth,  six  miles  north-west  from  Leeds,  in  the  valley 
of  the  Aire,  and  about  400  yards  north  of  the  Calverley  Station. 
The  Geological  Map  shows  the  place  to  be  on  the  line  of  the  out- 
crop of  Halifax  Soft  Bed  Coal,  The  Boulder  is  composed  of  Millstone 
Grit,  from  the  rough  rock,  the  uppermost  of  the  series,  which  here 
must  be  100  to  120  feet  below  the  surface  of  the  ground.     Conse- 
quently, to  some  extent,  it  is  a  travelled  boulder,  5  feet  by  4  feet, 
about  2  feet  thick.     As  to  how  it  got  to  its  position  :  a  suggestion 
has  been  made  that  it  might  have  been  brought  by  glacial  action. 
But  there  is  no  need  to  carry  the  enquiry  far,  either  as  regards  dis- 
tance or  time,  in  connection  with  the  numerous  boulders  which  have 
been  met  with  in  the  neighbourhood.     During  the  last  forty  years  I 
have  had  great  numbers  of  grit  and  gauister  removed  from  the  land, 
the  latter  were  easily  accounted  for  ;  they  were  from  under  the  Hard 
Bed  Coal,  which  crops  out  a  little  higher  up  in  the  valley,  and  the 
^ts  were  generally  not  much  rounded,   showing  that  they  had 
ti'avelled,  but  only  a  short  distance  ;  indeed  we  have  the  Rough  Rock 
"» situ  about  half  a  mile  westward,  and  faulted  so  as  to  be  at  a  con- 
^derably  higher  elevation.     Looking  at  the  valley  here  as  being 
about  400  yards  wide  at  the  lower  and  4000  to  5000  yards  wide  at 
"le  upper  part,  rising  some  600  feet,  the  wonder  is  not  how  these 
Wocks  of  stone  got  where  they  have  been  found,  but  where  the 
^ormous  mass  of  material  that  once  filled  the  valley  has  gone  to. 
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From  the  (Geological  Map  it  is  seen  that  we  have  the  HalifSsix 
Hard  and  Soft  Beds  of  Goal  cropping  out  on  each  side  of  the  valley, 
of  course  denuded  in  the  middle,  but  some  portions  of  the  coal  were 
not  carried  far,  as  boulders  of  the  Hard  Bed,  of  a  good  size,  were 
found  a  few  years  ago  when  making  a  gas-tank  on  the  opposite  side 
of  the  valley.  It  was  found  that  although  burning  without  flame 
they  gave  out  a  considerable  amount  of  heat  Probably  the  reason 
why  they  have  not  been  carried  far  away  has  been  that  at  the  time 
they  were  removed  a  lake  filled  this  portion  of  the  valley,  the  gravel 
beds  and  terraces  of  the  shore  lines,  at  various  elevations,  being  well 
preserved.  Like  most  of  the  stones  which  I  have  had  removed  from 
the  land,  this  boulder  is  almost  covered  by  markings  made  by  the 
plough.  We  have  had  many  a  ploughshare  broken  by  them,  and 
probably  many  have  come  to  grief  against  this  one.  The  markings 
can  be  discerned  on  a  photograph. 

Some  few  months  ago,  when  examining  these  marks  with  Mr. 
Benjamin  Holgate,  F.6.S.,  and  noting  the  resemblance  which  some 
of  them  bore  to  ice  scratches,  Mr.  Holgate  noticed  the  cup  and  ring 
markings,  and  remembering  the  "  Sketch  of  Pre-Historic  Remains  of 
llombalds  Moor,"  which  appeared  in  the  Proceedings  of  our  Society 
for  1887,  by  Mr.  John  Holmes,  of  Roundhay,  we  invited  Mr.  Holmes 
(who  was  at  the  time  staying  at  Ilkley)  to  come  on  to  Calverley  Station 
and  inspect  it,  and  report  on  the  markings.  Mr.  Holmes  met  us  as 
requested  on  the  9th  of  May,  and  a  short  time  ago  sent  his  report  to 
me,  in  which  he  states  "  that  they  are  of  the  same  type  and  kind  of 
figuring  as  those  on  Rombalds  Moor  and  at  Shipley  Glen,  and  in  his 
judgment,  early  forms  of  the  said  specimens  ;  and  that  they  are  cor- 
related to  similarly  marked  stones  in  England,  Scotland,  Ireland, 
Wales,  and  the  Isle  of  Man.  Indeed,  further  observations  liave 
shown  that  these  singularly  inscribed  stones  are  found  widely  spread 
over  the  world,  from  Sweden  and  Denmark  in  the  north  to  the  South 
Sea  Islands,  Fiji,  America  (North  and  South) ;  also  numerous  in 
Palestine,  Moab,  Egypt,  &c.,  with  variations,  but  all  showing  some 
one  definite  principle  in  one  common  human  nature."  Mr.  Holmes 
brought  over  for  comparison  a  large  and  most  interesting  collection  of 
sketches  and  photographs,  of  similar  markings,  from  almost  all  the 
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places  in  the  different  parts  of  the  world  just  named.     Yet  the  one 
shown  here  was  not  exactly  similar  to  any  of  them,  nor  indeed 
did  any  two  in  his  collection  appear  to  be  alike  notwithstanding  their 
general  resemblance.     It  would  appear  that  if  they  have  expressed 
definite  ideas,  the  language  in  which  they  are  inscribed  has  varied  as 
much  as  the  idioms  of  spoken  languages  vary  at  the  present  day. 
There  are  several  casts  in  the  museum  of  the  Philosophical  Hall  at 
Leeds  taken  from  the  markings  on  Rombalds  Moor,  one  of  them, 
in  the  arrangement  and  dimensions  of  the  figures,  is  not  unlike  the 
one  we  have  brought  under  your  notice.   The  cups  are  very  distinct  and 
about  one  inch  deep,  but  the  peculiar  feature  is  the  absence  of  rings, 
which  are  usual  in  most  markings.    It  is  considered  that  as  regards 
distinctness  the  marks  on  this  recently  exposed  stone  compare  very 
favourably  with  others,  one  reason  being  the  peculiar  and  most  valuable 
property  of  the  rough  rock  of  hardening  with  exposure  ;  another  being 
its  uneven  surface,  which  has  preserved  the  fine  markings  from  destruc- 
tion by  the  ploughshare,  which  has  evidently  obliterated  some,  as  a  later 
and  more  careful  examination  has  enabled  traces  to  be  discovered  of 
several  others.     The  cups  are  half  an  inch  in  depth,  and  the  rings  a 
quarter  of  an  inch ;  two  of  them  have  outlets  near  three  inches  in 
length,  and  what  would  appear  to  give  them  an  astronomical  signifi- 
cance is  they  point  to  the  north.     I  may  say  that  Mr.  Holmes  did 
not  attach  much  importance  to  these  two  marks,  yet  we  must  sup- 
pose they  had  some  connection  with  the  meaning  of  the  inscriptions. 
Although  numerous  conjectures  have  been  made  no  satisfactory 
solution  has  been  arrived  at.     Their  meaning  is  yet  a  mystery. 


ON   THE  DRIFT  DEPOSITS  OF  THE   VALE  OF  MOWBRAY. 
BY  T.   CARTER  MITCHELL,   ESQ. 

The  district  in  which  my  observations  have  been  made  may  be 
'^^ghly  described  as  that  part  of  the  Vale  of  Mowbray  which  lies 
"^tween  Ripon,  Thirsk,  and  Boroughbridge,  being  bounded  on  the 
^est  by  the  river  Ure,  and  on  the  east  by  the  foot  of  the  Hambleton 
*lilU.  Through  the  centre  of  this  district  runs  the  river  Swale.  This 
P^  of  country  seems  to  be  very  rich  both  in  quantity  and  variety 
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of  erratic  rock  fragments.  I  have  not  confined  my  observations  to 
boulders  of  large  size,  but  extended  them  to  any  fragments,  however 
small,  which  seem  interesting  as  part  of  the  drift.  I  shall  first  give  a 
list,  though  necessarily  an  imperfect  one,  from  a  petrological  point  of 
view.  I  shall  then  endeavour  to  refer  the  boulders  to  their  original 
stratigraphical  position,  mentioning  the  cliaracters  of  the  rocks  or  of 
their  contained  fossils  which  have  guided  me  in  this.  Next  I  shall 
make  some  remarks  on  the  local  distributions  of  these  erratics,  and 
the  direction  of  the  ice  or  water-currents  by  which  they  were  brought 
into  the  place  they  occupy. 

I  shall  begin  with  the  Siliceous  Rocks  as  they  fonn  a  large 
majority.  Fragments  of  sandstone  are  present  of  every  size,  from 
great  boulders  to  line  sand,  of  every  degree  of  hardness,  from  an 
almost  flinty  rock  to  stone  so  soft  that  it  perishes  after  a  very  short 
exposure  to  the  weather.  In  texture  they  v'ary  from  the  roughest 
grits  to  the  finest  possible  sandstone.  In  colour  there  is  also  great 
diversity,  while  the  great  majority  are  more  or  less  white  or  pale 
yellow,  many  are  red,  and  more  still  are  red  and  white,  that  is  to  say, 
consist  of  white  stone  mottled  with  red  spots.  Some  have  dark  red 
spots  on  a  pink  ground.  In  some  cases  the  spots  which  mottle  tlie 
lighter  ground  are  brown  instead  of  red.  A  chocolate  colour  may  also 
be  observed,  some  stones  being  wholly  of  a  dark  chocolate  colour. 
Some  of  these  erratics  consist  of  grit,  in  which  are  imbedded  numerous 
rounded  pebbles  of  white  quartz.  I  have  found  specimens  of  chert, 
also  of  quartzite.  In  some  places  there  are  extensive  and  thick  beds 
of  fine  loose  red  sand  ;  in  other  places,  a  yellow  argillacious  sand  is 
present,  and  here  and  there  I  have  seen  white  sand  tunied  up. 
Next  in  number  to  the  Silicious  Rocks  are  the  calcareous  masses  of 
Mountain  Limestone  ;  they  are  very  common,  as  are  also  pieces  of  dark 
limestone  from  the  Yoredale  Series.  Magnesian  Limestone  is  ver}- 
plentiful  in  the  gravel  of  the  River  Ure.  Blue  Lias  Limestone  and 
Oolitic  Limestone  are  among  the  rocks  of  the  drift.  Crysbiline 
Brown  Limestone,  full  of  encrinite  stems,  and  called,  I  believe, 
**  Yorkshire  Marble,"  is  to  be  found  ;  and  I  once  met  with  a  largi' 
piece  of  pure  white  saccharoid  marble.  Of  Argillaceous  Rocks  we 
have  fragments  of  blue  and  green  slates,  black  shale,  and  large 
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deposits  of  brick  clay ;  also  a  sandy  clay,  which  seems  to  contain 
some  lime  and  iron,  and  in  places  forms  an  impermeable  structure, 
which  from  its  hardness  seems  to  be  fast  turning  into  stone.     It  is 
called  "  Moor-pan,"  because  it  underlies  tlie  peaty  soil  of  some  of 
the  moors,  and  prevents  the  water  draining  away.      Besides  the 
boulders  I  have  enumerated,  there  are  to  be  found  a  great  many  speci- 
mens of  scliistose  and  metamorphic  rocks.     In  one  part  pieces  of 
lignite  are  plentiful,  and  some  specimens  of  good  jet  can  be  found. 
Four,  at  least,  different  kinds  of  granite  are  met  with,  one  of  which  is 
grey;  another  is  red,  not  porphyritic,  and  without  mica  or  hornblende. 
The  commonest  kind,  found  in  many  places  as  good-sized  boulders, 
and  in  every  gravel  heap  in  smaller  pieces,  is  the  charcteristic  Shap 
Granite.     This  is  light-red,  with  large  porphyritic  crystals  of  pink 
felspar,   also  nuich  mica  and  hornblende.      The  fourth  kind  is  a 
brighter  red  in  colour,  also  full  of  masses  of  felspar,  but  no  mica 
is  seen  in  it,  honi blend  is  present  but  rather  sparingly.     Numerous 
specimens  of  Basic  Igneous  Rocks  are  met  with,  differing  in  colour 
from  black  to  light-grey,  and  varying  much  in  texture,  some  close- 
grained   and   comparatively   smooth    specimens    of    volcanic    tufa 
occur,  while  others  are  ragged  and  course.     I  ought  also  to  mention 
pieces  of  conglomerate  and  breccia  which  I  have  found  at  times. 
Septaria  or  cement  stones  are  very  common  in  some  parts.     Having 
recorded  examples  of  the  great  variety  of  rocks  which  have  been  brought 
together  in  the  drift,  I  shall  refer  some  of  them  to  the  systems  to 
which  they  originally  belonged.    With  regard  to  the  numerous  schis- 
tobe  and  metamorphic  stones  I  am  unable  to  say  more  than  that 
probably  they  belong  to  some  of  the  oldest  sedimentary  rocks.     I 
tliiuk  that  we  may  safely  consider  that  the  pieces  of  green  slate  have 
been  brought  from  the  neighbourhood  of  Skiddaw,  and  are  Cambrian. 
The  Silurian  system  has  supplied  many  of  the  erratics  which  can  be 
identified  by  the  fossils    they   contain,  as   tentaculites,  annulatus, 
pentamerus,  etc.     I  have  found  the  old  red  sandstone  fossil  Parka 
decipiens,  the  remains  of  the  spawn  of  a  crustacean.     There  Ls  an 

• 

immense  number  of  stones  from  the  Carboniferous  system  in  the 
drift.  Sandstones  from  the  upper  coal  measures  are  to  be  found 
everywhere  with  casts  of  stigmaria  on  them,  sigillaria,  calamites, 
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and  lepidodendrou  remains  are  often  found.     I  have  one  specimen  of 
the  latter  from  a  large  tree.     Great  boulders  of  millstone  grit  are 
to  be  met  with.    The  Yoredale  series  is  plentifully  represented,  while 
the  mountain  limestone  erratics  are  very  common.     These  are  fossili- 
terous,  containing  encrinites,  corals,  and  large  producti.     The  Permian 
system  is  easily  detected  by  pieces  of  magnesian  limestone  from  the 
upper  beds,  and  by  a  red  breccia,  called  in  some  places  brockram, 
which  belongs  to  the  lower  part  of  the  system.    The  lower  New  Ited 
Sandstone  is  doubtless  present,  but  this  is  not  easily  distinguished 
from  that  of  the  Trias.     Permian  fossils  are  scarce,  but  I  have 
found  Productus  horridus.     With  regard  to  the  Trias  there  is  any 
amount  of  hunter  sandstone,  and  I  have  found  the  typical  fossil 
Ceratites  uodosus.     The  Lias  supplies  many  water  rolled  stones  in 
which  are  fossil   Grjrphseas,  etc. ;   also  jet,  lignite,  and   septaria. 
Pieces  of  Oolitic  limestone  are  sometimes  found,  but  not  often. 
Thus    the    stones    of    the   drift    in    the    district    which    I    have 
defined,  are  derived  from  every  system  from  the  Jurasic  to   the 
Cambrian  inclusive,  and  probably  from  some  earlier  formations  as 
well.     I  am  unable  to  fix  the  age  of  the  granites  and  trap  rocks 
present,   but  the  eruption  which  poured    out  the   Shap   granite, 
which  is  only  to  be  found  in  situ,  at  Wastdale  Crag  and  Wast<lalo 
Pyke  in  Westmoreland,  occurred  after  the  formation  of  the  green 
slates,  and  before  the  deposition  of  the  old  red  sandstones.     Althou^l  i 
all  these  different  rocks  are  to  be  met  with  in  a  district  ten  mile.^ 
square,   some  are   found    more    plentifully  in    one   part    than    in 
another.     The  Ure  gravel  on  the  west  side  contains  more  of  the 
magnesian  limestone,  while  the  long  ridge  of  rather  elevated  lain! 
which  forms  the  water  parting  between  the  Ure  and  the  Swale,  lUid 
along  which  the  old  Roman  Watling  Street  runs,  has  on  both  sides 
of  it  a  tract  of  land  which,  though  for  the  most  part  very  fertile, 
contains  great  quantities  of  erratics,  interspersed  in  the  soil  for  a 
considerable  depth.     Many  of  these  are  very  large,  and  for  the  mov^t 
part  consist  of  sandstones,  though  many  other  rocks  are  to  be  fouiul 
among   them.      Most   of   these  are    rounded,  othei*s  are  angular. 
Parallel  to  this  ridge,  but  a  few  miles  further  east,  a  long  range  ol 
simd  and  gravel  hills  follows  the  course  of  the  Swale,  sometimes  oi"^ 
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one  side  of  the  river  sometimes  on  the  other.    The  gravel  in  these, 

the  lowest  part  of  the  brick  clay,  is  laminated,  being  interstratified 

¥rith  fine  sand.     There  is  no  doubt  that  the  chief  agent  by  which  the 

drift,  which  I  have  described,  was  brought  into  this  valley  was  an 

enormous  sheet  of  ice  which  advanced  from  the  north-west,  but  I  also 

think  that  there  must  have  been  a  later  and  smaller  ice-drifb  which 

came  round  the  north  eud  of  the  Hambleton  Hills,  and  kept  to  the 

east  side  of  the  valley.    This  glacier  would,  no  doubt,  have  its  origin 

in  the  Scandinaviau  Mountains.     But  water,  as  well  as  ice,  has  done 

a  great  deal  towards  bringing  about  the  existing  state  of  things. 

The  whole  tract  of  land  from  the  estuary  of  the  Tees  through  the 

vales  of  Mowbray  and  York  to  Holderness,  is  not  much  elevated,  and 

a  very  moderate  depression  would  convert  it  into  an  arm  of  the  sea. 

Besides  this  the  thawing  of  such  piled- up  accumulations  of  ice  as  had 

gathered  through  ages  of  frost,  when  every  atom  of  vapour  was  retained 

as  ice  in  the  frozen  north,  the  thawing  of  these  accumulations  must 

have  produced  torrents  of  water  rushing  southward  to  find  again 

it«  level   in   the  ocean.     By  these  currents  from   the  north  this 

valley  must  have  been  swept  again  and  again,  and  by  them  denuded, 

to  what  extent  the  resulting  alluvial  deposits  of  Holderness  bear 

witness.     The  stones  of  the  drift  in  this  part  testify  in  several  ways 

to  having  been  subject  tu  submergence  and  the  action  of  water;  they 

are,  even  in  the  case  of  very  large  ones,  considerably  rounded.     Ice 

markings,   though   very  evident  in  some  cases,  are  decidedly  rare 

among  them  ;  this,  I  think,  is  due  to  their  having  been  so  rubbed 

and  rounded  by  water  action  that  their  surface  marks  have  been 

obliterated.     When  these  "  cobble"  stones,  as  they  are  called,  are 

used  in  building,  the  walls  made  of  them  turn  wet  in  ]damp  weather, 

I  believe  that  this  is  due  to  the  same  cause  which  makes  seaweed 

tuni  damp  under  similar  circumstances,  that  is  to  say,  that  they  still 

contain  some  of  the  salt  which  penetrated  into  them  when  they  were 

covered  by  the  sea,  salt  having  the  power  of  attracting  moisture 

6om  the  air.      I  have  here  very  strong  evidence  of  one  of  these 

stones  having  been  under  the  sea ;    it  is  a  piece  of  sandstone 

^hich,  from  its  colour,  has  laid  long  in  the  soil.     It  contains  several 

cells,  which  have  been  made  in  it  by  some  rock-boring  shell-fish. 
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The  holes  have  beeii  nearly  globular,  but  have  a  short  iieck 
through  which  the  tenant  communicated  with  the  outside.  The 
cavity  is  almost  exactly  like  that  of  a  mould  for  casting  a  round 
bullet,  the  hole  by  which  the  hot  head  enters  corresponding  to  the 
narrow  neck  in  the  stone.  I  consider  that  these  borings  were  niaile 
by  a  Pleistoceue  Saxica.va,  and  the  size  of  the  cavities  api)eiir  to 
indicate  that  they  were  formed  by  S.  artica.  This  is  the  more  likely, 
as  the  few  fossils  of  the  drift  were  for  the  most  part  of  a  northern 
type. 

NOTES  ON   SOME  SINGULAR  CAVITIES  IN  THE  MAQNESIAN   LIMEjjToNE. 

BY   REV.    J.    STANLEY  TUTE,   B.A. 
PLATE  VI. 

The  cavities  or  burrows  in  the  Permian  Limestone  near  WormaM 
(treen  Station,  to  which  1  wish  to  draw  your  attention,  are  of  surli 
obscure  origin  that  at  one  time  one  is  inclined  to  refer  them  to  tlu- 
excavations  of  some  early  form  of  Gastrocha^na  ;  at  another  t(»  aii^a 
annelid  ;  then  to  one  of  the  algie.     Without  attempting  to  say  whai^ 
they  really  are,  I  venture  only  to  describe  their  forms  and  their  po.si— 
tion  in  the  limestone,  and  what  1  have  been  able  to  gather  from  th«H« 
(jbservations  of  others,  hoping  that  the  members  here  present  may  1^    ^ 
able  to  throw  so  nmch  light  upon  the  matter  that  we  may  come  L    «^ 
some  pi'()bable  conclusion  as  to  their  origin. 

An  old  quarry,  about  a  quarter  of  a  mile  west  of  Wormald  (iier  u 
which  had  been  for  a  long  time  disused,  was  opened  again  a  few 
months  ago.     In  the  old  and  new  section  about  GO  or  70  feet  of  tlw     ! 
middle  beds  of  the  Lower  Magnesian  Limestone  have  been  exposed.     / 
Throughout  80  feet  of  the  upper  portion  of  the  new  part  there  occur 
innumerable  grooves  and  cavities  of  a  singidar  character,  agreeiiijj 
with  certain  fossil  remains  which  are  mentioned  by  Mr.  J.  W.  Kirkby 
in  a  paper  read  before  the  Geological  Society  in  18G1,"'  as  occurring  iu 
the   Lower   Permian   Limestone   of  South  Yorkshire,  at  Hjimjwile 
Stubbs.     He  says,  "  the  occurrence  of  another  Fossil,  of  somewhat 
obscure  affinities,  though  possibly  an  annelid,  may  here  be  noticed. 
It  is  the  cast  of  a  laterally  compressed  tube  three  inches  long  (neitluT 

*  Qaurt.  Journ.  Geological  Society  18C1,  vol.  xvil,  p.  309.  I 
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end   being  perfect),  |  of  an  inch  in  longest  width,  y*^  in  shorter 

width.     It  is  slightly  arcuate  longitudinally,  and  has  an  oval  or 

rather  ovate  section  transversely,  the  convex  edge  being  more  flatly 

rounded  than  the  other.     Between  the  cast  and  the  investing  matrix 

there  is  a  slight  space,  which  appears  to  have  been  originally  occupied 

W  the  walls  of  the  tube.     A  similar  fossil  has  occurred  in  the  Shell 

and  Compact  Limestone  of  Durham,  agreeing  in  most  respects  with  the 

one  described.'* 

The  casts  in  the  Wonnald  Green  Limestone  agree  generally  with 
this  description.  They  are  more  distinctly  arcuate  in  the  more 
perfect  si)eciuiens  ;  straighter  in  the  shorter  ones  ;  and  occasionally 
uppear  to  spring  from  an  irregidarly  formed  base,  which  is  coloured 
brown  with  iron  oxide.  The  internal  cast  where  it  exists  is  formed 
«f  small  rounded  grains  of  limestone,  slightly  cemented  together,  but 
^fie  tubes  are  more  commonly  only  partially  filled. 

Associated  with  them  in  the  limestone  we  find  Myalina  haus- 
'*ianni,  some  small  gasteropods  •  and  other  shellsf  which  from  the 
pliable  nature  of  the  deposit  are  difficult  to  make  out. 

The  animal  which  inhabited  these  cavities  may  have  had  habits 
similar  to  the  common  Lob-wonn  of  our  present  shores,  which 
-Nicholson  in  his  Manual  of  ZoologyJ  describes  as  living  "  in  deep 
^^ finals,  which  it  hollows  out  in  the  sand  of  the  sea-shore,  literally 
^=atiug  it«  Wtiy  as  it  proceeds,  and  passing  the  sand  through  the  ali- 
^^eutary  canal,  so  as  to  extract  from  it  any  nutriment  which  it  may 
<^^ntain.*' 

I  showed  the  quarry  and  these  organisms  to  Mr.  Richard  Howse, 

^le  Curator  of  the  Newcastle  Museum.     He  kindly  lent  me  Mr. 

^irkby's  paper,  from  which  I  have  taken  the  foregoing  extract.  And 

^^iterwards  he  wrote  to  me  saying,  "  since  my  return  to  Newcastle,  I 

^ve,  I  think,  made  out  from  Dr.  Geinitz*  *  Dyas'  a  little  about  the 

doubtful  organism  you  kindly  showed  me  in  the  Wonnald   Green 

Q^rry.    I  have  also  got  two  specimens  from  our  Middle  and  Lowest 

limestone,  which  I  shall  forward  for  your  examination  next  week, 

^^  hope  they  will  satisfy  you  that  the  organisms  are  the  same  as 


*  Litorina  helicina.    f  Edmondia  eloogata.    Bakewellia  antiqua. 

tp.  222. 
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yours,  and  most  probably  Algsc."  Mr.  Howse  also  kindly  sent  me  a 
sketch  taken  from  Geinitz'  '  Dyas/  with  a  description  of  the  fossil, 
which  Geinitz  names  "  Palaeophycus  insignis ;"  stem  simple,  cylin- 
drical, slightly  arcuate,  with  nearly  smooth  surface,  transverse  section 
elliptical ;  found  in  the  Dolomite  Zechstein  of  Zeimnitz,  near  Gera,'-' 
at  a  footpath  near  Ronneburg,  and  in  the  Shiefergasse,  near  Thies- 
chitz.  Thus  this  obscure  organism  is  of  very  wide  occurrence,  being 
found  in  Durham,  Yorkshire,  and  Germany. 

In  still  lower  beds,  near  Tanfield,  I  have  found  marks  and 
cavities  associated  with  the  remains  of  undoubted  algae,  which  bear 
some  resemblance  to  those  at  Womiald  Green,  but  iwssesa  less  regular 
distinctness  of  outline. 


A  monograph  of  YORKSHIRE  CARBONIFEROUS  AND  PERMIAN  POLYZOA. 

PART  II.      BY  GEORGE  ROBERT  VINE.t 

The  study  of  Palfeozoic  Polyzoa  seeius  not  to  have  attracted  so 
much  attention  in  this  as  in  other  countries,  conse<iuently  there  are 
fewer  monographs  to  which  the  student  can  be  referred.  Kxeeptiug 
Phillip's  Geology  of  Yorkshire,  and  McCoy's  Pahi'ozoic  Fossils  of 
Ireland,  nearly  all  the  literature  of  the  subject  is  to  be  found  in 
scattered  publications,  but  mostly  in  local  transactions  of  various 
Geological  Societies.  In  the  first  part  of  this  monograph  I  gave  n  ^ 
full  list  of  British  papers,  but  since  that  was  published  1  have  goiu 


over  most  of  the  foreign  memoirs  and  papers,  all  of  which  will  bc= 
referred  to  again  when  my  foreign  bibliography  is  more  complete,  bu^  ^ 
I  cannot  withhold  references  to  two  or  three  American  works  whicK'  - 
are  not  easily  accessible  to  British  students  out  of  London.  In  tli^^ 
now  celebrated  volumes  of  the  Geology  and  Palaeontology  of  Ne"  ^ 
York,  vols.  I.  to  VI.,  a  large  series  of  Polyzoa  (Bryozoa  of  author — : 
from  Palx'ozoic  rocks  are  described  and  figured.  Tliese,  to  say  tl 
least  of  them,  are  treated  of  in  a  masterly  way,  by  a  masterly  hai 
and  the  abundance  of  material  and  State  aid  to  the  describer  sl'^'wiq 


*  Gera  is  near  Jena. 
f  Part  I.  Proo.  Yorkah.  Geol.  and  Polyt.  Soc ,  vol.  xi ,  Part  I.  pp.  6S-S0. 
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lithographer  have  enabled  both  author  and  artist  to  give  very  full 
delineations  of  a  most  remarkable  group  of  fossil  organisms.     Still 
the  nomenclature  of  many  of  these  fossils  is  unfamiliar  to  British 
students,  and  this  alone  will  necessitate  my  giving  prefacial  intro- 
ductions to  every  new  group  of  our  Yorkshire  fossils.     In  this,  I  do 
not  think  I  shall  be  accounted  tedious  by  the  real  student,  for  the 
simple  reason  that  an  accurate  appreciation  of  a  fossil  form  is  a  step 
ill  the  right  direction  towards  the  proper  classification  of  the  same. 

Another  very  elaborate  writer  on  American  Palaeozoic  Bryozoa 
(=  Polyzoa,  in  part),  is  Mr.  E  0.  Ulrich.     I  have  before  me  nearly 
the  whole  series  of  Mr.  Ulrich's  papers,  but  the  long-delayed  mono- 
graphs,  vol.  VIII.  of  the  III.  Geological  Survey  of  Illinois  and 
Minnesota,  are  still  unpublished,  and  cannot  be  referred  to  for  details. 
The  plates,  however,  of  these  two  works,  by  the  kindness  of  Mr. 
I'lrich,  are  in  my  possession,  and  I  cannot  withhold  my  admiration 
of  the  way  in   which   the  Silurian,  Devonian,  and  Carboniferous 
Polyzoa  of  Illinois  and  the  Lower  Silurian  groups  of  Minnesota  have 
heen  treated  by  the  author.     One  advantage  I  enjoy  in  referring  to 
the  text  of  Mr.  lUrich's  unpublished  report  is  the  reproduction  of  a 
part  of  it,  in  a  separate  paper,  on  "  Waverly  Bryozoa,"  which  con- 
tains a  list  of  the  species  occurring  in   Ohio,  with  descriptions  and 
illustrations  of  new  species."'      I  have  already,   when  writing  on 
Cystodictyonidse  (part  I.),  referred  to  the  plates  belonging  to  the 
Wiuois  report,  but,  because  they  contain  figures  of  several  American 
C^arboniferous  Polyzoa,  closely  allied  to  the  British  fauna,  I  shall  be 
<^bliged  to  refer  to  them  again  and  iigain.     The  plates  Ixx.  and  lxxi.| 
^^e  wholly  occupied   with  figures  of  Bkombopara  and  species  of 
^trfhlotrypa,  in  all  twenty-four  species.     Many  of  these  forms  are 
^^imilar  to  Yorkshire  examples,  so  much  so  that  some  of  the  figures, 
only  with  different  names,  would  serve  as  illustrations  of  most  of  the 
Yorkshire  Rhombopora,   and   Rktbdomeson  at  least,  whilst  others 
^ould  justify  our  placing  a  larger  series  before  the  student  of  York- 
shire Polyzoa,  having  distinct  specific  names,  than  \inder  present  cir- 
camstances   I   am   warranto  in   doing.      Out  of  the  twenty-four 

*  Bulletin  of  the  Laboratories  of  Denison  University,  Granville,  O.,  Dec.,  18M. 

t  Geol.  Survey,  Illinois,  vol.  viii. 
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American  types  »as  figured  from  the  Illinois  rocks,  the  most  noticeable, 
as  apparent  allies  of  our  own,  are  the  following  : — 

1.  Rhombopora  minor,  Ulrich,  pi.  Ixx.,  fig.  4. 

2.  ,,  angiistata,  UL,  „  figs.  6,  6a. 

3.  „  attenuata,  UL,  ,,  %•    7. 

4.  ,,  exigiia,       UL,  .,  figs.  10,  l(k/. 

5.  ,,  incrassata,  UL,  „  fig.    12. 

6.  „  dichotoma,  UL,  „  fig.    18. 

7.  Strel)lotr>i)a  major,  UL,       pL  Ixxi.,  fig.  S. 

8.  „  nicklesi,  UL,        „        f\^.    9. 
Unfortimately  [or  fortunately  ?]  in  our  own  Carboniferous  rocks, 

the  range  of  variation  of  Bhomht^pora  and  Hhahdomesoti  species  is  so 
great,  and  the  links  by  wliich  the  sepamte  examples  may  l)e  united 
tlie  one  to  the  other  so  many,  that  about  four  specific  names  serve  to 
include  a  large   amount  of  ordinary   variation.      Hence  the  vast 
abundance  of  British  Carbon iferous  faunal  remains  of  the  once  wide- 
spreading  Rhomhqyora,  RhdltdomeMm,  and  Fewstella  groups,  c()mi>ol 
the  conscientious  British  Palaeontologist  to  pause  befort^  the  crentioi 
of  new  specific  names  for  the  rarer  olfshoots,  shall  1  say  ^  of  the  mor 
connuon  species.     This  restriction  reduces  our  lists  of  names  av 
siderably,  and  thus,  aj)j)arently,  the  British  Carboniferous  fauna 
less  interesting  to  the  ordinary  student  than,  judging  from  nai 
only,  the  more  abundant  American  Polyzoal  fauna.     It  nnist  not 
assumed   from    the   above  remarks   that   1   in  anv  wav  <lon]>t 
accuracy  of  the  specitic  identities  (^f  Mr.  Ulrich.     Honestly,  jud 
from  the  facial  and  structural  features  of  his  ligures,  it  aj)pcars  t 
that  it  would  be  more  advantageous  to  s<'i(nice  if  we  a^so  set  1 
in  our  descriptions,  to  the  ranges  of  variation  in  some  of  ou' 
boniferous  types.     In  the  early  days  of  science  certain  limi 
were  acknowledged  by  McCoy  in  the  Pahvozoic  Fossils,  but  sin 
the  twenty-six  species  of  Fenestella,  admitted  by  him,  ha 
reduced  to  four  or  ^\i^,  and  I  cannot,  so  far  as  1  am  accpiaint 
the  group,  revolt  against  the  reduction. 

Family  Hyphasmoporid.e,  Vine. 
188">.  Family  Ilyphasmoporidje  {*.)  Prnvisional,  Proc.   Yo 
and  Polyt.  Soc,  vol.  ix. 
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Znaria,  composed  of  small,  cylindrical,  bifurcating  stems. 
Zocecia,  arranged  m  linear  series,  the  vestibules  of  which  are 
separated  from  each  other  by  reticulated  interspaces. 

In  1885  I  proposed  the  above  family  name  for  the  inclusion  of 

two  peculiar  species  of  Carboniferous  Polyzoa,  Hyphasmopora  Basku\ 

Eth.  Jun.  and  Streblofrypd  nlckllsil,  Ul.  M.S.,  var.  minuta,  Vine.  The 

first  of  these  species  was  described  by  R.  Etheredge,  jun.,  in  187r),t 

and  the  variety  of  Strehlotrypa  wiis  new  tr)  British  Carboniferous  rocks. 

^^ince  my  papers  were  written  Mr.  E.  0.  Ulrich  has  published  details 

nf  several  American  species  of  Polyzoa  allied  to  Hypha^mopara,  but 

nliich  are  placed  under  a  new  family  name,  STREBLOTRYPiDiB.    In  his 

p;iper  on  the  "  Waverly  Bryozoa,"{  Mr.  Ulrich  says  (op.  cit.  p.  84) 

"  The  genus  Strebhtrypci  was  proposed  in  manuscript  by  me  several 

years  ago,   and   specimens  of  the   type  species,   S.    nicklisii,   Ul. 

(III.  Geol.  Survey,  vol.  VIII.)  w^ere  sent  to  Students  of  Paloeozoic 

Bryozoa.     The  name  was  adopted  for  a  supposed  variety  of  the  type 

•species  by  Mr.  G.  R.  Vine  m  1886.  ||    During  November  or  December, 

1887,  there  appeared  Vol.  VI.  of  the  Paheontology  of  New  York. 

Ill  looking  over  this  fine  work,  I  find  that  Prof.  Hall  has  placed  at 

least  one  species  under  his  new  genus,  Acanthochmay  that  ought 

Hither  to  be  regarded  as  a  form  of  Strehlotrypci.    The  species  referred 

to  is  the  Cenoptyra  hamiltouemh  of  Nicholson." 

In  referring  to  the  description  of  this  species  by  the  author,  I 
find  that  Nicholson  places  it  as  follows  :§  Ceriopora?  hamiltonensis, 
Nich.,"  and  remarks  that  '*  this  beautiful  little  fossil  occurs  in  great 
abimdanc<3  in  some  of  the  beds  of  the  Hamilton  formation.  It  is 
allied  to  Ceriojx>ra  punctdta,  Goldf  •[  and  to  Milkpora  interjyorosa, 
Phill."*  especially  to  the  former;  but  it  is  distinguished  from  both  by 
I>eifectly  good  and  easily  recognised  characters.  I  am  at  present  un- 
^^le  to  decide  as  to  its  true  generic  affinities,  and  have  simply  referred 


*    Part  I.  Pioc.  Yorkn.  Geol.  and  Poly  tec.  Soo.  vol   xi.,  pi.  I,  pp.  68-85. 

"1"   Ann.  Mag".  Nat.  Hi^t.,  Ser.  4,  vol.  xv. 

t  Bulletin  of  the  Laboratories  of  Denison  Univerflity,  Granville,  Dec.,  1888. 

K   Notes  on  Yoredale  Polyzoa,  Proo.  York.  Gool.  Soo.,  &c.,  vol.  ix.  (op.  cIt). 

S  New  Devonian  Polyzoa  Geol,  Mag.,  1874,  p.  24. 
^  Petrifttc,  pi.  Ixiv.,  f.  13. 

Oeol.  YorkB.,  vol.  ii.  pi.  i ,  f.  :m-39. 
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it  provisionally  to  C&riopora  on  account  of  its  close  relationship  to 
G.  punctatay  Goldf.,  which  likewise  occurs  in  the  Devonian  rocks/' 

In  Mr.  Ulrich's  "  Waverly  Biyozoa,"  already  referred  to.  tlie 
author  describes  eight  species,  one  doubtful,  of  Strehlotfypa,  only 
one  of  which,  S.  major,  Ul.,  cau  claim  relationship  with  British 
forms  of  the  H3rpliasmoporidjB.  It  is  well,  therefore,  for  the  student 
of  Paheozoic  Polyzoa  to  bear  in  mind  that  the  species  cited  by 
Nicholson  in  the  above  quotation  are  now  very  widely  separated  both 
by  himself  and  Ulrich,  consequently  the  affinity,  or  apparent  affini- 
ties, iis  suggested  are  somewliat  doubtfiil.  Probably  the  Alillljkmt 
int4ri)orma,  Phill.,  is  a  coral  (Hydrozoon)  rather  than  a  Pnlyz<ion. 

Genus  Hyphasmopora,  Eth.  Juii. 

1875.  Ann.  Mag.  Nat.  Hist.  Ser.  4,  vol.  xv.,  pp.  43-45. 

Zodrtum,  composed  of  small  cylindrical  stems,  often  bifiircating. 
Z(xtvia  arranged  in  linear  longitudinal  series,  the  vestibules  of  whicli 
are  separated  from  each  other  by  '*  cancellated"  or  "  reticulated'' 
interspaces.  VeatihnleSy  large,  oval,  or  pyrifonn,  slanting  inwards,  at 
tlie  base  of  which  are  the  true  circular  zooecial  apertures.  The  vesti- 
bular openings  are  found  on  three  sides  of  the  stem  only,  and  the 
reverse,  if  sucli  a  term  is  allowable  for  cylindrical  stems,  are  whcjlly 
reticulated.  Gonocysts,  inflated  sacs.,  having  an  opening  on  the  t<^p, 
or  upper  side,  and  reticulated  cm  the  exposed  surface  of  tlie  sac,  like 
the  reverse  of  the  stem. 

Hyphasmopora  Buskii,  Eth.  Jun.  (pi.  vii.,  tig.  4.) 
1875.  Ann.  Mag.  Natural  Hist.,  Ser.  4,  vol.  xv.,  pp.  43-45,  pi.   iv. 
figs.  1-4. 

1882.  Hypha.smopora  Buskii,  Vino,  Proc.  Yorks.  Geol.  Soc,  vol.  vii  — 

p.  337,  pi  xvi.,  fig.  6. 

1883.  „  „       Vine,  Proc.  Yorks.  Geol.  Soc,  vol.  ix     - 

p.  26. 

1884.  „  „       Vine,  Yorks.  **  Naturalist,"  Oct.,  p.  G-* 

1885.  „  ,,        Vine,     ,,  „         Sept.,  p.  31^^ 
This  species  is  found  in  the  Scotch,  Northumberland,  Lanca^ihi^"*-' 

and  Yorkshire  shales,  but  it  is  by  no  means  so  abundant  in  tlit? 
English  Carboniferous,  as  in  the  ScoU*h  shales.     The  chief  interest  ii> 
the  present  reference  to  the  species  is  on  account  of  the  ovicells. 
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The  gonocysts  of  this  species  are  described  and  figured  for  the 

first  time.     They  consist  of  small  inflated  sacs,  which  occupy  various 

positions  on  the  stem,  and  not  always  in  a  line  with  the  growing  part 

of  the  same.     In  the  course  of  my  investigations  I  have  gathered 

together  a  rather  large  assortment  of  these  **  ovicells,"  but  in  every 

case  their  characters  are  similar.     Two  of  the  best  of  these  are 

figured  (pi.  vii.,  fig.  1)  as  placed  on  the  side  of  the  stem.     The  sac  is 

oval,  and  the  lateral  vestibule  on  the  right  hand  side  is  pushed  out 

of  position,  while  the  *' network"  of  the  stem  is,  on  the  base  especially, 

interwoven  with  the  sac.    The  orifice  of  the  gonocyst  of  this  example 

is  very  perfect,  and  is  bordered  by  a  slight  rim,  and  just  below  the 

orifice  is  a  second  "  opening,"  much  smaller  in  size,  the  function  or 

purpose  of  which  I  cannot  make  out,  but  otherwise  the  "  orifice " 

proper  is  very  characteristic,  and  is  on  a  par  with  the  "  ovicells  "  of 

Cjrclostomatous  species  already  figured  by  authors.     The  second 

e:3cample,  (pi.  vii,  fig.  2),  is  similar  in  every  respect,  excepting  the  slightly 

zi^-zag  orifice  which  may  or  may  not  represent  an  abrasion,  but  the 

opening"  below  is  more  perfect  in  this  example.    The  "ovicell"  is, 

will  been  seen,  apparently  reversed.     Other  gonocysts  of  this 

^ji^ecies  are  placed  in  the  angle  formed  by  the  branches.     These  are 

milar  to  those  described  above,  and  the  "  network  "  which  envelop 

e  sac  is  like  that  of  the  reverse  rather  than  of  the  inter-vestibular 

s peaces,  but  no  reliance  can  be  placed  upon  this  variation  of  character 

for  specific  or  descriptive  purposes.     I  have,  however,  sectioned  an 

e:^mple  which  has  been  formed  in  the  angle  of  the  branches  (pi.  vii., 

ftg.  3),  and  the  peculiar  mode  of  attachment  of  the  "  network"  to  the 

st;«m,  and  also  the  orifice  are  very  well  shown  in  the  figure.     The 

e^camples  described  are  characteristic  and  typical    "  ovicells "    of 

^^Sphasmopora  generally. 

I  do  not  think  that  there  can  be  any  question  respecting  the 

f**iiction  of  these  peculiar  sacs,  but  in  all  honesty,  though  I  may  be 

t-he  first  to  figure  and  describe  them,  I  believe  that  both  Mr.  Ether- 

^ge,  jun.,  and  Mr.  John  Young,   of  Glasgow,  have  noticed  the 

g^wths"  on  some  of  these  fragments  of  Ifi/phasmopora,  though 

^Qey  may  not  have  noticed  similar  "  growths"  on  other  Carboniferous 

species. 


«.  c 
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The  iiifrequency  of  ovicells  on  fragments  of  Carboniferous  Poly- 
zoa need  not  occasion  much  surprise,  when  it  is  stated,  by  Mr.  Waters, 
that  out  of  the  large  number  of  Idtnonea,  aWit  130  sj>ecios  and 
varieties  which  have  been  described,  only  seven  species  have  l>eeii 
noticed  as  bearing  ovicells ;  and  out  of  a  large  list  of  /Iffrnf*fft. 
seventy-four,  I  believe,  the  ovicell  is  only  known  in  about  nuie  species. 

It  will  be  noticed  in  both  fragments  of  Hyph(ismo}Hn'a  figure<l 
that  there  are  two  openings  in  the  ovicells,  one  on  the  apex  and  tlu* 
other  on  the  side ;  but  in  figure  2  the  inferior  opening  is  much  uion^ 
distinct  than  in  figure  1 .  Mr,  Waters,  in  tlealing  with  the  ovicells  of 
recent  Cyclostoniatji,  has  a  very  j)ertinent  remark  on  these  ojienings, 
and  I  cannot  do  better  than  quot^  it,  more  especially  as,  in  the  jmssage 
I  have  uiiderline<i,  the  remarks  of  Mr.  KirkjMitrick  will  apjily  to  Car- 
honifi^rous  as  well  as  to  recent  species. 

*'  The  position  and  nature  of  the  opening  of  the  ovicell  is  most 
important,  often  in  fact,  more  so  than  the  shape  of  the  ovicell.  The 
opening  is,  however,  formed  after  the  ovicell  is  com])lete,  so  tliat 
frequently  this  important  character  cannot  be  made  out,  and  in  my 
specimen  {Hotiwra  Jis.<urata,  Busk)  I  could  not  find  any  opening', 
l)ut  one  of  the  lateral  zooecial  tubes  is  much  longer  than  usual,  and 
looked  as  though  this  change  was  connected  with  the  functions  of 
the  ovicell.  1  therefore  wrote  to  Mr.  Kirkpatrick,  of  the  Rritii^li 
Museum,  explaining  what  I  had  seen  in  my  specimens,  and  askisl 
liini  it  he  would  look  at  those  in  the  Museum. f  He  kindly  di»l  ^^o 
at  once,  and  wrote  that  he  had  examined  ten  ovicells,  and  found  in 
each  instance  that  the  last  one  tyr  two  ZfHVcht  of  a  series  in  pntximitti 
to  an  ocicell  are  not  only  enlarged^  but  considerably  altered  in  direct  inn.  - 
In  eight  instances  the  tube  curved  forwards  and  upwanls  so  as  Xiy^L 

open  on  the  anterior  surface.     In  two,  the  tubes  opened  later.illy 

In  every  case  the  wide  tube  is  to  some  extent  connate  to  a  Zo^i-ciaF^ 
series;  but  in  some  cases  the  former  curves  away  from  the  latter  ii 
such  a  way  as  to  make  the  wide  tube  appear  to  be  part  of  the  ovicell  — 
and  not  a  metamorphosed  Zooecium."t 


♦  OviceUs  of  Cyclos.  Bryozoa.  Linn.  Soc  Jour.  Zool.,  vol.  xx.,  p.  270. 
t  MountiHi  and  presented  to  the  Museum  by  Miss  Bunlc,  from  her  father       > 
"  Challent^er '*  Collection  of  Tdmoneu  (Uornera)  fissumta,  UuHk. 
X  Op.  cit.  pp.  276-277. 
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( )f  late  years  very  great  attention  has  been  given  to  the  proper 
cliussilication  of  the  ovicells  of  the  Cyclostomata  especially,  and  it 
l>ehoves  every  worker  on  the  sub-order  to  help  to  throw  all  the  light 
|M)ssible  on  this  most  interesting,  but  at  times  very  difficult  subject. 
Chussitications  serve  their  day,  but  stnictural  elements  and  structural 
peculiarities  in  any  form  are  valuable  aids  in  zoological  investigation, 
but  the  proper  definition  of  these  elemental  structures  may  help  to 
serve  as  adjuncts  for  a  higher  appreciation  of  varietal  changes  in  a 
sipecies,  both  in  time  and  space,  than  we  now  possess.  Ovicells  in  a 
species  tell  a  far  more  reliable  tale  than  the  robust  or  diminutive  cell 
is  capjible  of  telling,  hence  their  importance  in  the  definition  of  a  group. 

Genus  Streblotrypa,  Ulrich. 
III.  Geological  Survey,  vol.  viii.  (Aug.,  1889,  still  unpub.) 
Streblotrypa  nicklisi,  Ul.  (MS.  1883  ?)  pi.  vii.,  figs.  6  and  7. 
is.s;).  S.  mcklisi,  Vine,  Proc.  Yorksh.  Geol.  Soc,  vol.  viii.,  p.  107, 

pi.  xxi.,  figs.  4  and  5. 

1887.  S.   nickl'm,   Ulrich,    III.    Geol.    Survey,   Illinois,   vol.    viii., 

tigs.  9  a  to  c. 

Unfortunately  1  cannot  redescribe  my  Yorkshire  example  of  this 

V>e;iutifiil  species,  as  the  fragment  which  was  described  and  figured  in 

the  Proceedings  cited  above,  is  evidently  lost.     For  the  purpose  of 

t.liis  monograph  I  have  re-examined  all  my  Yorkshire  Polyzoa,  and  I 

ysv2^  f^Yty  when  I  came  to  this  species  for  redescription  and  found  that 

«»iy  specimen  was  gone,  though  the  place  on  the  slide  showed  the 

^v-iicant  space  where  it  was  once  attached.     I  have  to  rely  in  conse- 

*l>ieuceoumy  previous  work.     "The  small  fragment  was  alwut  li 

^'^ies  in  length,  and  about  \  line  in  width.     In  the  whole  length  of 

^'^<i  fragment,  taking  a  row  of  cells,  I  find  there  are  about  7  cells,  or 

*^*«ing  more  accurate,  6^  cells  [to  the  \\  lines].     A  fragment  of  the 

^^Uerican  form  of  the  same  dimensions,  for  some  specimens  are  more 

■^ulliy  than  ours,  afl'ords  the  same  results.""^' 

In  the  note  already  cited  from  Mr.  Ulrich's  "  Waverley  Bryo- 
^^a,"  the  author  quotes  from  my  Yoredale  Polyzoa  paper,t  and  he 

»  Vine,  Proc.  Yorka.  Geol.  Soc.  1884,  vol.  Iviii.,  p.  .'08. 

*         t  Vine,  Proc.  Yorks.  ami  Poljt.  Soc,  vol.  ix.,  pp.  1-29.    Since  Mr.  Ulrich 

^^  pablifthed  details  of  his  Bpecien,  S.  Nick/isi,  Ul ,  I  think  it  wise  to  alter  the 

**Htih  reference  thus :    Streblotrypa  minuta.  Vine  (==  S.  Nicklisij   UL,   var. 

^*^Hta,  Vine)     The  figures  in  plate  z.,  figs.  7  to  9,  are  not  good,  and  at  some 

^^ture  time  will  be  redrawn.     Of  this  species  I  have  about  seven  examples. 
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seems  to  have  overlooked  the  Yorkshire  one.  Even  with  Mr.  Ubich's 
beautiful  figure  before  me  (pi.  bod.,  and  figs.  9  to  9c),  I  cannot  help 
quoting  from  my  paper  again.  "One  of  the  differences  between 
certain  of  the  American  and  Yorkshire  forms  may  be  noted.  In 
some  specimens  of  S.  Nicklisiy  UL,  from  Kaskaskia,  there  appears  to 
be  delicate  ridges  developed  in  parallel  or  wavy  lines,  which  seem  to 
separate  the  cells  into  parallel  or  waving  rows,  in  other  specimens, 
especially  in  the  younger  portions  of  the  branch,  that  is  in  the  apices, 
there  are  no  ridges,  and  in  this  respect  both  the  American  and  British 
forms  agree.  ""^^  In  the  cancellated  interspaces  between  cell  and  cell 
in  the  figured  specimen  of  S.  Nicklisi  (pi.  Ixxi.,  fig.  9a)  there  are 
two  and  three  rows  of  punctures,  varying  in  number,  as  a  whole,  from 
8  to  12  punctures  below  the  cell  mouth.  In  the  Yorkshire  example 
as  figured,  the  punctures  varied  from  five  to  seven  or  eight,  while  the 
cancellation  below  the  orifice  in  Streblotrypa  minuta,  Vine,  (=  S. 
Nicklisi,  Ul.,  var.  miimta,  Viue),  though  very  faintly  displayed  in 
the  fossils,  vary  from  five  to  seven.  Fortunately,  however,  one  of 
my  examples  of  S.  minuta  (pi.  vii.,  fig.  8),  from  Gleaston  Castle  (Yore- 
dale  Rocks,  Lancashire),  bear  just  below  the  bifurcatum  of  the  branch 
a  small  ovicell  which  I  seem  to  have  previously  overlooked,  and  this 
appears  to  me  to  justify  my  inclusion  of  the  genus  Streblotrypa  in 
the  family  Hypha^noporidcB,  rather  than  any  other.  The  ovicell 
though  not  so  large  or  so  prominent  on  the  surface  of  the  Zoarium 
as  in  examples  of  Hyphasmopora,  is  still  similar  in  character.  The 
sac  is  rather  more  rounded,  is  situated  just  below  the  angle  formed 
by  a  bifurcating  branch,  and  the  surface  is  faintly  cancellated  similar 
to  the  cancellation  of  the  interspaces  between  cell  and  cell  in  the 
branch ;  and  the  opening  of  the  ovicell  is  on  the  right  hand  side. 
During  a  visit,  some  years  ago  now,  that  I  had  with  Mr.  John  Young, 
of  Glasgow,  he  showed  me  several  examples  of  a  Carboniferous 
species  of  Polyzoa  which  I  regard  as  Streblotrypa,  and  in  all  proba- 
bility many  other  examples  would  be  found  in  our  British  rocks  if 
more  persistent  research  was  made. 

There  is  one  very  remarkable  species,  Streblotrypa  Hertzeri,  UI., 
in  Mr.  Ulrich's  Waverley  Bryozoa  (p.  85,  pi.  xiv.  fig,  8)  which  closely 

*  Proo.  Yoiks.  Oeol.  Poljt  Soa,  vol.  viii,  p.  107. 
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resembles  some  of  the  examples  of  our  British  Archoeopora  nexiles, 
De  Kon.*  Indeed  I  have  stem-like  examples  from  Brankamhall  before 
me  that  would  answer  very  well  for  the  definition  of  &'.  Hertzeri,  in 
Mr.  Ulrich's  text,  but  the  general  run  of  the  examples  of  A,  nexiles 
iu  the  Yorkshire  shales  are  either  encrusting  on  the  flat,  or  enveloping 
fragments  of  spines  or  other  foreign  bodies.  At  present,  however, 
I  am  not  in  a  position  to  say  where  this  species  will  be  ultimately 
pUu^ed  in  our  Zoological  arrangements. 


Family  RHABDOMESONTiDiB,  Vine. 

1883.  Rliabdomesontidse,  Vine,  4th  Brit.  Assoc.  Rep.  Foss.  Polyzoa, 

p.  45  of  Report. 

1883-4.  „  „       Proc.  Yorks.  Geol,  Soc,  vol.  viii., 

p.  105. 

1884-5.  „  „       Yorksh.  *'  Naturalist,"  p.  66,  1884, 

p.  317,  1885. 

1885.  „  „       Proc.  Yorks.  Geol.  Soc,  vol.  ix.,p.  21. 

1887.  „  ,,       Polyz.    Gayton  Boring  Jour.  Nor- 

thampton Soc.  Nat.  History. 

1884.  Rhabdomesontida),  Vine,  (Ulrich),  Jour.  Cincin.  Soc.  Nat. 

Hist.,  vol.  vii.,  p.  24. 

Zoiirium  rod-like,  branching.  Zocecia  opening  on  all  sides  of 
the  branch,  tubular,  attached  by  their  proximal  extremities  to  a 
central  rod.  Orifice  of  cells  obscured  by  vestibule  ;  wall  of  vestibule 
externally  ornamented  by  spines  or  not. 

Section  A.     Zooecia  attached  to  a  central  rod. 

Section  B.     Zooecia  radiating  in  all  directions  from  an  imaginary 

axis. 

In  my  fourth  British  Association  Report  on  Fossil  Polyzoa,  I 
^^ggested  the  family  name  Rhabdomesontidse  for  the  inclusion  of  two 
remarkable  fossils,  which  were  known  to  Palaeontologists  from  Phillips' 
<ieiscriptions,  under  the  names  of  Millepora  and  Ceriopora,  These 
^ies,  with  better  examples  than  Phillips  possessed,  were  re-worked 
"y  the  Messrs.  Young,  of  Glasgow,  who  discovered  that  one  species  at 


*  Vine:  Ut  Brit  Absoc.  Report,  pp.  8-9  of  Report.    This  is  the  only  place 
^l^«rethe  species,  which  is  very  abundant  in  the  Scotch  shales,  has  been  described. 
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loiist,  Millepora  gra^cilis,  PhilL,  was  undoubtedly  built  up  round  a 
central    rod.      On    this    account    they    re-christened    the    species 

On  the  publiciition  of  my  family  name,  which  originally  appeared 
witliout  the  sub-section  B.,  Mr.  E.  0.  Ulrich  readily  atlopted  the 
name,  but  in  his  definition  of  the  family  he  included  Rhonboporn, 
Meek,  and  he  further  suggests  that  probably  AnisotryjKi,  Ul.,  uiay 
ultimately  be  placed  in  the  family.  Following  this  suggestion,  and 
wishing,  for  the  sake  of  working  Paljeontologists,  to  keep  myself  in 
accord  with  American  workers,  I  subsequently  adopted  the  sub- 
section B  in  my  Yoredale  Polyzoa,  and  in  the  Polyzoa  of  the  (iayton 
Boring.*  As  both  sections  of  the  family  are  largely  represented  in 
the  Yorkshire  as  in  other  British  Carboniferous  rocks,  it  may  he  at> 
well  to  give  rather  full  notes  on  the  Yorkshire  species  esi>ecifilly. 

Genus  Ri:abi>(»mk80N,  Young  and  Young. 
1874.  Uhabd(»mes()n,  Y.  and  Y.,  Ann.  Mag.  Nat.  Hist.  Ser.  4,  vol. 

xiii.,  p.  327. 
1«75.  ,,  „         Ibid,  vol.  XV.,  p.  334. 

1884-.').  ,,  (Section  A),  Vine,  Proc.   Yorks.   Geol.  Snc 

vol.  ix.,  p.  23. 

Section  A. 
ZiHirium  slender,  rcul  like.     Axis  a  thin  calcareous  tube  to  which 
the  Zocec'ia  are  attached,  and  from  which  they  radiate  in  all  directions. 


I.  KiiAmK>MESuN  GKAOILE,  Youiig  and  Young. 
1841.?  Alillepora  gracilis,  Pliill.,  Pal.  Foss.,  Cornwall,  Devon,  etc. 
1854.?Ceriopora  gracilis,  Morris,  Catalogue  Brit.  Fossils;  Millepora 
gracilis  ?  McCoy,  Carb.  Foss.,  Ireland,  p.  19o. 

1874.  Kliabdomeson  gracile.  Young  and  Y.,  Ann.  Mag.  Nat.  IIi!>t.. 

vol.  xiii.,  pi.  XV.,  tigs.  1-G. 

1875.  „  „         John  Young,  Trans.  Eding.  Geol.  Soc- , 

pp.  400-402. 
1880-1.  ,,  „        Vine,  1st  Brit.  Assoc.  Rep.  Foss,  Polv- 

1881-2.  „  „        Vine,   Proc.   Yorks.  Geol.  and   Polyt:. 

Soc,  vol.  vii. 

*  8eo  1S86  and  1887  papers  in  Bibliography  at  the  head  of  this  section. 


YIHB :   TORKSUIRB  GARBONIFBROUS  AND  PBKMIAM  POLYZOA.      195 

1883-4.  Rhabdomesoa  gracilis  (error),  Vine,  Ibid,  p.  174. 
1884-5.  „  gracile,  Vine,  Naturalist,  p.  66,  and  1885,p.  317. 

1885.  „  „        Vine,  Trans.  Yorks.  Geol.  Soc,  vol.  ix., 

p.  23,  pi.  X.,  fig.  ii. 
2!oarium  rod-like,  slender,  cylindrical  and  branching.  Branches 
coming  off  at  right  angles  to  the  stem,  and  never  less  than  an  inch 
apart.  Stem  consisting  of  a  hollow  axis  formed  by  a  thin  calcareous 
tube,  and  of  a  series  of  cells  ranged  round  the  axis.  Zowcial  aper- 
tures (vestibule)  oval,  surrounded  by  tuberculated  ridges,  which  bear 
two  blunt  spines,  one  on  the  upper  and  the  other  on  the  lower  angles 
of  each  aperture.  Zocscia  conical,  consisting  of  two  parts,  the  vesti- 
bule and  the  cell  proper. 

Range  in  British  Rocks :   (Devonian,  Pilton  beds  ?  Phillips). 

i  Carboniferous  : — Yorkshire  :  Hurst  and  Richmond  ;  Derbyshire  : 
Castleton ;  Wales :  Llangolen  and  Holken,  rather  rare ;  North 
Lancashire  :  Holker  Park,  Gleaston  Castle,  and  Little  Urswich ; 
Northumberland :  fairly  abundant.  Scotch  Carboniferous  Shales, 
Upper  and  Lower,  very  abundant. 

This  very  widely  distributed  and  abundant  species  has  been,  so 
far  as  the  structure  is  concerned,  very  fairly  described  by  the  Messrs. 
Young,  and  by  myself  in  the  various  papers  already  referred  to.    Up 
to  the  present  time,  although  some  thousands  of  examples  have  passed 
^lirough  my  hands,  I  have  never  met  with  a  single  specimen  bearing 
^  ovicell,  or  any  other  indication  of  a  reproductive  cell.    This  is  the 
^ore  remarkable  as  ovicells  have  been  found  on  examples  of  R, 
^^ombiferum. 

In  my  paper  on  the  Polyzoa  of  the  Gayton  boring,  Northampton, 

*  tave  expressed  a  doubt  as  to  whether  the  Millepora  gracilis  of  the 

"ilton  beds  really  belong  to  the  Rhabdomeson  group.     To  try  and 

*^ttle  this  question  I  wrote  to  Mr.  Hall,  whose  paper  on  the  Pilton 

^^^"ds  was  quoted  by  me,  in  the  hope  that  I  might  get  from  him  ex- 

^^^ples  of  the  true  Pilton  form.     This  I  failed  in,  but  he  referred  me 

^^^  examination  to  a  complete  series  of  the  fossils  which  he  had  sent  in 

the  British  Museum.     Recently  I  have,  through  the  kindness  of 

r.  E  B.  Newton,  of  the  Brit.  Mus.,  Cromwell  Road,  Kensington, 

the  Townsend  Hall  collection  of  the  Pilton  fossils,  but  I 
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could  not  find  any  trac6  of  the  fo$8ils  I  was  iu  search  of.  Indent  1, 
judging  from  Mr.  Hall's  paper,  and  lists  of  fossils,  I  now  doubt 
whether  he  ever  saw  the  MiUepora  gt-aciliit,  Phill.  Not  to  be  baffled, 
however,  I  wrote  to  Mr.  Newton  again,  asking  him  if  he  could  tA\ 
nie  where  Phillips*  tyi)es  were,  but  he  writes  me  (Sept.  23, 1889),  ''  1 
am  unable  to  say  where  Phillips*  type  of  MilU'pora  (CerioiX)ra)  gracilis 
may  be,  but  I  have  made  a  rough  tracing  of  the  figure,  and  copie<l  wonl 
for  word  the  description  given.  **  So  far  good.but  not  wholly  satisfactory. 

Genus  MiUepora,  Millepora  gracilis.  Chanu-ter :  slender, 
cylindrical ;  surface  covered  by  oval  or  sub-rhomboidal  cells,  the 
terminations  of  tubes  passing  obliquely  from  the  axis.  Intercellular 
spaces  granular  (or  porous  0;  uo  branched  specimens  have  been  seen. 
It  is  closely  allied  to  Mill(*}m'a  r/io?nh{fera,  Phillips*  Geolog}'  of  York- 
shire, vol,  ii.,  pi.  i.,  f.  35. 

Loiidity  \\\  North  Devon:  Croyde,  Bnishford,  Pilton.     PliilL 
Palieozoic  F(>ssils,  p.p.  20,  21,  pi.  -xi.,  figs.  3U^  31//. 

The  brief  description  of  J///fc/>o;'a  rhombijera  is  as  follows  : 

"  Branches  cylindrical,  with  acute  rhomboidal  cells  in  quincunx.  * 
Geology  of  Yorkshire,  vol.  ii.,  pi.  i.,  f.  35,  p.  199. 

If  any  of  my  readers  possess  an  example  of  the  Pilton  MHUjki^  -* 
I  should  be  glad  to  examine  it. 

Khabdomeson  RHOMBiFERUM  (Phillips'  sp.  i  pi.  vii.,  tig.  5). 
183G.  Millepora  riiombifera,  Phill.  Geol.  Yorkshire,  p.  199. 
1854.  Ceriopora         „  Moms*  Catal.  Brit.  Fossils, 

1875.  Khabdomeson  riiombiferum,  Young  and  Young,  Ann.  il;i^ 
Nat.  Hist.,  Ser.  4,  vol.  xxi.,  pp.  333-336,  pi.  ix.  S^  t 
Nomenclature  and  references  as  under  U.  gravile. 

Z'jarium  stem-like,  slender,  cylindrical,  free.  Branches  of  ncarl  v 
equal  diameter,  given  otf  at  wide  intervals  and  at  right  angles  to  tl  m  ^ 
stem.  ZfHJcia  in  quincunx  all  round  the  stem.  VestihuUs  riiomln>i(l  i  »^ 
or  hexagonal  in  outline  and  bounded  by  tuberculated  ridges  :  area  •-  ^^ 
vestibules  larger  on  one  face  than  on  the  other,  and  slanting  inwim  ^^ 
towards  a  narrow  opening,  the  true  orifice  of  the  Zocvcia.  TtilMrd  '  ' 
lai^e  at  the  angles  of  junction,  average  number  of  tubercles  nnii  ""^ 
each  area  about  }?ixteen.  Central  axis  slender  and  slightly  flexiu>i^^ 
UomKysts  oval,  compressed  or  elongated. 
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The  distribution  of  this  species,  so  far  as  I  am  aware,  is  rather 
more  restricted  than  the  former,  R,  gracile,  as  I  have  not  met  with 
examples  either  in  Wales  or  Derbyshire,  but  I  should  not  like  to  say 
that  it  is  absent  from  these  places.  Otherwise  I  have  nearly  always 
found  B.  rhombiferum  wherever  R.  gracile  was  fairly  abundant. 

In  looking  over  the  figures  of  Phillips,  in  Geology  of  Yorkshire, 

and  ticking  oflF  his  very  brief  description,  I  think  it  no  detriment  to 

the  author  to  say  that  as  Phillips  speaks  of  if,  rhombifera  only,  in  all 

probability  that  which  passes  now  as  R,  gracile  in  the  Yorkshire 

rocks,   was  non-existent  at  the  time  he  wrote.     The  distinction 

between  the  two  species  being  unknown,  or  at  least  unrecorded,  1 

believe  that  the  name  Millepora  rhombifera  covered  the  now,  two 

distinct  species.     We  owe  to  the  letter  of  Phillips*  to  the  Messrs. 

Young,  of  Glasgow,  the  statement,  "  Your  examples  are  better  than 

mine  were,  but  I  have  no  doubt  of  the  reference.     The  difference  of 

opposite  faces  of  C.  or  RL  rhombifera  is  very  interesting,"  a  possible 

confirmation  of  this  view.     The  ovicells  of  this  species  are  most 

peculiar.     One  of  the  best  I  have  figured  (pi.  vii.,  f  5),  and  it  will  be 

seen  to  be  entirely  unlike  any  of  the  ovicells  described  in  the  first 

part,  or  on  the  present  memoir.     In  itself  it  is  a  perfect  study.     The 

form  is  a  sac  (elongated  oval  ?)  tapering,  or  rather  thinning  out 

towards  the  apex,  in  which  is  a  small  orifice,  but  there  is  no  secondary 

opening  in  the  sac.     Surface  of  the  ovicell  much  roughed  by  delicate 

"wart-like  prominences,  which  give  to  the  surface  a  peculiar  granular 

appearance.     This,  however,  is  in  keeping  with  the  granulation  which 

is  seen  occasionally  on  the  surface  of  the  vestibular  area  just  below 

the  spines  which  ornament  the  walls  of  the  same.     On  the  side  of  the 

ovicell  the  Zooecial  ai)ertures  are  slightly  altered  in  appearance,  but 

they  are  not,  so  far  as  I  can  see,  pushed  out  of  position  much.     As 

ovicells  of  Rhabdomeson  rhombiferum  are  very  rare,  I  hope,  now  tliat 

I  have  directed  attention  to  them,  workers  will  look  out  for  ovicells  of 

R' gracile  d^  well. 

Section  B.    Zooecia  radiating  in  all  directions  round  an  imaginary 

axis. 

Genus  Rhombopora,  Meek. 
1871.  F.  B.  Meek,  Palaeontology,  Eastern  Nebraska. 

*  Ann.  Mag.  Nat.  Hist.,  1875,  p.  334. 
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1884.  E  0.  Ulrich,  Jour.  Cincin.  Soc.  Nat.  Hist.,  vol.  vii.,  p.  26. 
1883-4.  G.  R.  Vine  (Additional  Notes,  p.  105),  Proc.  Yorksh.  Geol. 
Soc.,  vol.  viii. 

Zoarium  ramose,  branches  slender.  Zoaecia  tubular,  radiating 
in  all  directions  from  an  imaginary  axis.  ZocBcial  apertures  circular 
or  oval,  placed  at  the  bottom  of  more  or  less  obviously  impressed, 
sloping  rhomboidal  or  hexagonal  vestibules.  Ridges  separating  vesti- 
bules spiniferous,  spines  hollow,  and  of  two  kinds,  large  and  siuall. 
the  latter  most  numerous,  and  surrounding  the  vestibules,  while 
larger  spines  are  occasionally  developed  only  at  the  upper  extremity 
of  the  cell. 

Type  of  Meek  R,  lepidodetidroidea,  Up.  Coal  Measures,  Xebra.<ka. 

As  species  of  this  genus  are  rather  abundant  in  American  rocks, 
I  have  adopted,  to  a  large  extent,  the  definitions  given  by  Mr.  Ulrich 
in  the  Journal  cited  above,  1884. 

I  have  already  quoteil  the  names  of  several  si>ecies  of  Jihomhojutnt 
as  apparent  allies  of  Yorkshire  forms.  The  following  is  a  full  anil 
unprejudiced  description  of  the  Yorkshire  species  that  I  have  hereto- 
fore detected. 

I.    KlIOMBOPOKA   LEPIDODENDKOIDEA  ?  Meek. 

1871.  K.   lepidodendroidea,   Meek.      Palseou.    Eastern    Nebraska, 

p.  141.,  pi.  vii.,  tig  2,  &c. 
1884.  R.  lepidodendroidea,  Ulrich.    Jour.  Cincin.  Soc.  Nat.  Hist.. 

vol.  vii.,  pp.  26-27,  pi.  i.,  fig.  1. 
1884.  R.  lepidodendroidea  ?  Vine.  (Additional  Notes)  Proc.  Yorks. 
Geol.  Soc.,  vol.  \'iii.,  p.  106. 
The  above  is  the  t}'pe  species  of  Meek,  and  when  comparing: 
American  examples  with  our  own,  I  thiuk  I  may  place  it45  existence 
here  on  record.     The  Yorkshire  examples  are  much  less  slender  than 
the  American,  but  there  is  a  close  siniilaritv  in  the  facial  features : 
but  as  my  material  is  limited  I  still  retain  the  doubt. 
Locality :  Hurst,  North  Yorkshire. 

2.  Rhombopora  similis,  Phill.,  sp. 
1841.  Ceriopora  similis,  Phill.  Palaeoz.  Fossils  of  Devon,  &c. 
1881.  ,,  „       Vine,   Proc.   Yorks.   (Jeol    Soc,   vol.  vii., 

p.  338. 
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1885-6.  Rhombopora  similis?  Vine,  Proc.  Yorks  Geol.  Soc,  vol.  ix., 

p.  24. 
Zoarium  rod  like,  or  branching.  ZooBcia  circular  or  hexagonal. 
Vestibular  area  well  defined,  sloping  inward,  at  the  bottom  of  which 
IB  the  Zocecial  aperture.  The  walls  surrounding  the  vestibular  area 
are  ornamented  with  a  varying  number  of  blunt  spines,  which  in 
aections  are  seen  to  be  hollow. 

Locality :  Hurst,  Yorkshire  ;  North  Lancashire  ;  the  species  is 
found  in  some  of  the  Scotch  horizons  also,  but  it  seems  to  have  had 
a  limited  range  in  British  rocks  at  least. 

In  a  species  of  Rhombopora  described  by  Mr.  Ulrich  as  R,  ele- 
gantula,  Ul.,*  similar  facial  features  to  the  above  are  noticeable,  but 
the  branching  of  the  American  form  is  diflferent. 

3.  Rhombopora  persimilis,  Ulrich. 
1884.  R.  persimilis,  Ulrich,  Jour.  Cincin.  Soc.  Nat.  Hist.  p.  30. 
1884.  R.  persimilis,  Vine,  Proc.  Yorksh.  Geol.  Soc,  vol.  viii.,  p.  106. 
1885-6.  R.  persimilis.  Vine,  Ibid,  vol.  ix.,  p.  24. 
1887.  R.  persimilis  (var.   B.)  Vine,  Jour.  Northampton  Soc.  Nat. 
History,  p.  11. 
The  above  has  been  described  rather  fully  in  the  above  papers, 
*ii<l  the  Yorkshire  examples  especially  in  the  1884  paper  quoted 
"^m  this  journal. 

Localities:  British  forms  :  Hurst,  Yorkshire  ;  North  Lancashire ; 
^^^yton  Boring,  Northampton.  American  forms:  Kaskaskia  group, 
-^wer  Carb.  Rocks,  Chester,  111.  ;  Tateville,  Kg.  (Uhnch.) 

Description  of  Figures.    Plate  vii. 
^  -  Hyphasmopora,  Buskii,  Eth.  Jun.,  with  lateral  '*  ovicell,"  x  30. 
'^'  „  „  ,,        with  "ovicell"  in  branch,  x  30. 

Section  of  "  ovicell "  in  the 
angle  of  branch ;  transparent.  All  from  Carb.  Shale,  Brank- 
emhall,  Scotland.     My  own  cabinet. 

•  Hyphasmopora  Buskii,  Eth.  J.     Fragment,  Hurst,  Yorkshire. 

•  Rhabdomeson  rhombiferum  (Phill.  sp.),  with  "ovicell,"  x  30. 
Brankemhall,  Scotland. 

*  Joam.  Cincin.  Soo.  Nat.  Hist,  April,  1SS4,  p.  S3. 
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6.  Streblotrypa  nicklisi,  Ulrich,  (from  typical  example  in  my  own 

cabinet,  Easkaskia,  U.  S.  Am.)  6,  natural  size  ;  6a,  por- 
tion of  branch  magnified  with  mid-ribs ;  66,  drawn  from 
the  younger  or  growing  portions  of  stem,  no  ribs. 

7.  Streblotrypa  nicklisi  (MS.,  Ul.).     Yorkshire  form  (example  lost). 

7c,  natural  size  la,  from  branch  without  mid-ribs. 

8.  Streblotrypa  minuta,  Vine,  Lancashire.    Example  with  "  ovicell.'* 

Figs.  1  to  5  drawn  in  outline  with  Canici-a  hicida,  and  low  iwwer 
(1  j  inch  object  glass;,  details  put  in  after. 


NOTES  ON    UNDERGROUND  WATER-SUPPLY   AND   RIVER   FLOoDS. 
IJY   CHAS.    E.    DE  RANCE.    F.G.S.,   F.R.G.S.,    A.I.O.E.. 

SvrMary  of  the   Undn-gnnind  Wafer  Cmnmittev  of  the  lirifiiih 

Aasocfatf'ou. 

Raiufill: — The  first   systematic   observation   of  rainfall    ^v- - 1 
Hiucli  more  than  two  centuries  ago,  on  the  Yorkshire  bonier,  hy- 
Lancashire  Sc^uire,  one  of  tlie  Townleys  fjf  Townley,  near  Burnley.      : 
century  later,  in  1766,  Dr.  Heberden,  F.R.S.,  placed  a  rain  guage      or 
tlie  top  of  the  sciuare  tower  of  AVestminster  Abbey,  and  two  other  ==5  in 
the  neighbourliood,  but  it  was  not  until  1859  tliat  any  one  wasfo  iinrl 
bold  enough  to  grapple  with  the  subject  as  a  whole.     Mr.  G--   I 
KSynions,  F.R.S,,  in  that  year  commenced  to  collect  copies  of  rer«>n/s 
of  the  fall  of  rain  over  the  United  Kingdom,  and  early  in  IstJl  wrote 
to  all  observers  known  to  him,  asking  them  to  send  him  records  /or 
the  year  1860.     Of  these  168  replied,  and  their  publication  gave  mi:\\ 
a  stimulus  to  observers  that  in   1863  we  find  him  writiiiir  to  fi^^ 
TiiHPS  that  he  had  nearly  700  stations,  and  the  year  after  wo  lit  ^^ 
him  stating  that  hitheii:o  the  tables  had  been  the  ])roduct  of  1^   ^■ 
leisure  hours,  but  that  they  are  so  no  lt>nger  ;  that  the  developmer 
of  the  enquiry  had  been  so  rapid,  and  it«»  bearing  on  manufacturing^ 
engineering,  agricultural  and  sanitary  questious  so  important,  thatls^ 
had  resigned  all  other  euj^agements,   sacrificing  pecuniary  prosing- 
rather  "  than  abandon  an  investigation  Wx^  ramification  and  imixv 
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ance  of  which  we  cannot  see."    In  the  current  volume  of  British 
Rainfall,  Mr.  Symons  calls  attention  that  the  fourth  decade  of  his 
rainfall  work  commences  with  the  new  year ;  the  separate  observers, 
irrespective  of  corporate  bodies,  amount  to  no  less  tlian  2,200  ;  the 
number  of  stations  have  been  raised  to  2,700  ;  the  modest  four-page 
pamphlet  of  1861  has  been  developed  into  a  volume  of  200  closely- 
printed  pages,  while  its  production  necessitated  the  annual  receipt 
and  issue  of  more  than  30,000  documents  ;  the  cost  of  the  publica- 
tion of  the  results  ;  the  salaries  of  observers  in  districts  where  volun- 
teers cannot  be  obtained  ;  the  payment  of  two  regular  clerks  and  for 
extra  assistance  at  times  of  pressure,  for  printing  and  posting  is 
<^ntirely  defrayed  by  annual  subscriptions  of  the  general  public  ;  and 
f*t'  aFxiut  300  of  the  observing  staff. 

When  the  importmice  of  these  observations  and  their  bearing  on 
^He  well-being  of  tlie  nation  is  realized,  it  appears  an  anomalous 
^'oudition  of  affairs  that  no  assistance  should  be  provided  by  the 
*^Htion  for  a  matter  of  such  grave  national  importance  ;  for  though 
^Here  is  no  reason  to  suppose  there  will,  in  the  future,  be  a  lack  of 
'observers  who  will  give  their  time  and  contribute  to  the  expense  of 
^bnlating  their  observations,  there  are  two  serious  drawbacks,  first, 
*Kut  the  whole  organization  is  kept  together  by  a  volunteer  chief, 
^nd  is  dependent  for  its  continuity  on  his  industry,  self-abnegation, 
personal  influence,  and  good  health  :  second,  that  funds  are  not  avail- 
'^ble  to  send  out  trained  inspectors  of  rain-gauges,  or  to  compute  and 
ptint  the  local  averages  of  rainfall,  for  which  ample  material  is  now 
c^'iUect^d. 

Looking  to  the  fact  that  rain  is  the  source  of  all  fresh  water  ob- 

^-^linable,  whether  flowing  at  the  surface,  issuing  as  springs,  stored  in 

'■^servoirs,  reached  in  borings,  present  in  the  bodies  of  men  and 

animals,  whether  consumed  by  them,  absorbed  by  agricultural  crops, 

^itilized  in  manufacturing  processes,  the  purposes  of  inland  navigation, 

^^e  preservation  of  fisheries,  the  production  of  steam,  or  electric 

energy.    The  annual  volimie  of  Mr.  Symons  may  be  regarded  as  a 

I      'tecord  of  the  Nation's  "  Water  Capital "  for  the  year,  of  which  a 

\      certain  proportion  has  to  be  written  off  as  "  loss,"  evaporation  into 

m      we  atmosphere  of  perhaps  a  third,  before  the  record  of  it  is  in  print, 
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and  an  absorption  of  probably  another  third  in  areas  containing  porous 
rocks,  which  quantity  is  partly  recovered  by  natural  springs,  and  in 
districts  of  artesian  wells,  the  loss  from  this  cause  is  inappreciable. 
FVom  these  considerations  it  would  appear  that  at  least  .'one-third  of 
the  annual  rainfall  was  available  for  ninning  waters,  to  be  used  in  the 
maintenance  of  life,  and  utilized  for  the  purposes  of  trade,  but  this  is 
not  the  case,  a  large  amount  has  to  be  "written  otf,"  for  "depreciation" 
caused  by  floods.  It  is  often  stated  that  England  and  Wales  oifers 
an  epitome  of  the  Geology  of  Europe,  it  is  equally  true  that  the  large 
County  of  Yorkshire  oflFers  an  epitome  of  the  Geology  of  South  Britain, 
with  one  important  exception  as  regards  its  hydrogeological  condition, 
the  absence  of  any  extensive  area,  of  wholly  impermeable  strata,  like 
the  Silurian  and  Cambrian  rocks  of  Wales  and  the  Englisli  Lake 
District,  where  the  whole  of  the  rainfall  is  either  run  off  in  floods  or 
caught  and  arrested  in  lakes,  some  of  which  are  rock-basins,  others 
producetl  by  old  glacier  moraine  dams,  others  by  dams  of  masonry, 
like  the  Vyrnwy  Lake  of  the  Liverpool  (Corporation  Waterworks.  In 
tliose  districts  the  water  is  either  caught  or  lost.  The  dry  weather 
flow  of  the  streams  averaging  only  one-fourth  to  three-fourths  of  a 
cubic  foot  per  second  per  1000  acres  drained,  due  to  water  arrest e<l 
by  peat-mosses  in  tlie  high  uplands,  which  slowly  give  oft'  their 
moisture  like  a  sponge,  while  the  voluuie  of  these  streams  in  periods 
of  floods  is  often  500  cubic  feet  per  second  per  1000  acres  drained. 

The  wliole  of  the  Yorkshire  Rocks,  of  all  geological  ages,  form  a 
series  of  alternating  porous  permeable  material,  alternating  with 
imponneablo  shales  and  clays,  which,  succeeding  each  other  in  regular 
order,  dip  with  the  slope  of  the  ground  from  the  western  water-shed 
towards  the  sea.  Thus  waters  absorbed  at  high  levels  are  often 
returned  to  the  streams  by  natural  springs  at  lower  levels,  and  oouM 
l)e  further  made  available  by  artesian  wells,  carried  through  the 
impermeable  material  to  the  water-charged  zone  beneath. 

The  older  Carbtmiferous  R/)cks  of  Xorth-western  Yorkshire,  called 
the  Y«)redalo  series  by  Professor  Phillips,  after  the  Dale  of  the  Yore 
or  Uro,  constitute  the  area  of  waterfalls  of  South  Britain,  alternations 
of  shale,  limestone,  and  sandstone,  repeat  each  other,  and  water  is 
absorbed  by  "  swallow  holes,"  from  the  peat-covered  uplands,  which  let 
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down  the  water  which  would  have  swamped  the  surface  into  the 
limestone  beneath,  along  which  it  travels,  until  the  limestone  is 
intersected  by  a  valley,  and  the  water  tumbles  over  the  limestone  and 
shale  beneath  and  forms  a  ready-made  river. 

Wells  or  shafts  have  been  sunk  in  a  few  instances  in  England,  but 

more  numerously   on   the   Continent,   for  the  purpose  of   acting 

as  artificial  swallow-holes,  such  shafts  are  known  as  "dumb-wells," 

and  can  often  be  found  to  eflfectually  drain  a  small  property,  at  a 

fiaction  of  the  expense  that  would  have  been  necessary  to  obtain  an 

efficient  discharge  at  a  distant  point.     If  ever  they  should  be  carried 

out  on  a  large  scale,  they  will  materially  reduce  floods,  and  increase 

the  dry-weather  flow  of  streams. 

The  Millstone  Grit  series  consists  of  an  alternation  of  water 
holding,  and  water  supporting  material,  allowing  a  very  small  pro- 
portion of  the  rainfall  to  be  wasted,  most  of  the  percolation  being 
returned  as  springs  into  the  same  river  basin,  and  the  shale  forming 
au  impermeable  base  for  reserviors,  it  has  given  a  valuable  supply  of 
^ater  to  all  the  great  gravitation  waterworks  of  the  Northern  Counties. 
The  shale  causes  the  rainfall,  which  would  otherwise  have  escaped 
^^  bursting  floods,  to  maintain  the  dry  weather  flow  of  the  streams, 
ttie  size  of  the  reservoirs  is  not  excessive,  owing  to  their  being 
steadily  replenished  by  springs.     In  nearly  all  the  waterworks  in 
these  districts  provision  has  been  made  for  the  wants  of  the  mill- 
owners,  formerly  supplied  by  these  streams,  by  the  construction  of 
^^ormous   "compensation  reservoirs,"   delivering,   in    the    case  of 
^^  Manchester,  fifteen  million  gallons  a  day.     Mill-owners  have  been 
^'lormously  benefited  in  having  a  regular  daily  supply  sent  down  to 
^em,  instead  of  having  to  depend  upon  the  capricious  volume  for- 
'^^rly  coming  to  them,  influenced  by  climatic  variations  of  draught 
*^ci  flood.     In  many  cases,  the  provisions  and  engagements,  entered 

• 

"^"to  by  Corporations  with  the  mill-owners,  appear  to  be  too  onerous, 
*^d  were  a  "  Conservancy  Board  "  to  be  constructed,  Parliamentary 
^^lief  should  be  given  from  the  penalty  clauses  for  not  being  able  to 
^pply  during  years  of  exceptional  draught,  when  it  was  the  opinion 
^  tiie  Conservancy  Board  that  the  Corporation  had  done  all  that 
"•^^  reasonable  to  expect,  and  Corporations  no  longer  compelled,  after 
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the  <*oinppn.sation  reservoirs  were  exhausted,  to  supply  inill-owncr< 
with  pure  spring  water,  whilst  human  beings  had  to  be  put  on 
short  supply. 

The  ainouut  of  "average  flow"  of  a  stream  will  be  found  tn  be 
far  lx?low  the  volume  that  would  Ije  yielded  by  a  thini  of  the  annual 
rainfall,  and  the  disparity  is  still  greater  when  the  **dry  weather  flow" 
of  the  stream  is  compared  with  a  daily  average  of  one-third  of  the 
annual  rainfall,  i>ointing  to  the  necessity  of  regulating  the  floiHls. 
which  inflict  a  three-fold  loss,  first,  by  destniction  of  property  in  the 
lowlands  ;  second,  by  depreciation  of  the  value  of  agricultural 
produce,  and  the  stoppage  of  manufacturing  processes  by  its  absence ; 
third,  the  loss  of  vital  energy,  and  the  premature  <leath  of  thost^ 
whose  business  and  occu])ations  compel  them  to  live  in  areas  subject 
to  floods. 

Whoii  tlu^  far-reaching  influence  of  uncontrolled  water  is  studied, 
tlio  constant  drain  that  is  made  by  floods  on  the  health,  life,  and 
wealth  of  the  kingdom  will  be  realized,  and  the  necessity  of  swee]»in^' 
away  the  cnnflicting  authorities  that  have  control  over  our  river 
basins  adinitt(Ml  ;  these  at  present  are  multifarious  in  number, 
antag«)nistir  in  rliaracter,  and  often  injurious  in  eftWt.  The  Hiver 
AVithani  and  Its  chief  tributaries,  for  instance,  is  under  the  juris<lic- 
tion  of  17  separate  antliorities,  without  including  the  various  Drain- 
age ( -onnnissions  of  the  Fenlands,  that  would  bring  up  the  nunil>er  to 
forty,  while  tlie  River  Lene,  acccu-ding  to  Sir  John  Coods,  on  only  30 
niil(»s  of  its  couise,  between  Peterborough  and  the  sea,  is  overridtlen 
))V  no  less  than  fourteen  authorities. 

Mill  and  Navigation  Works  att'ect  rivers  chiefly  through  weir-, 
obstructinns  fixed  across  a  stream,  with  a  view  to  prevent  watt-r 
passing  on  until  it  has  attained  a  certain  head  ;  that  height  attained, 
its  surplus  water  ])asses  over  the  weir,  in  tinies  of  ordinary  flow,  with 
a  more  or  less  cnnsiderable  fall.  Landowners  require  a  uniform  top- 
level,  neither  tnij  liigh  to  flood  the  meadows  or  too  low  to  de]u'i\v 
thi^ni  (»f  moisture.  Navigation  requires  the  water  to  be  pennetl  back 
to  make  the  upper  reaches  navigable,  whether  the  land  below  sulVer< 
nr  not  ;  whilst  fishing  owners  maintain  their  right  at  their  t)wn  con- 
venience  to   raise   the   top-water  to   its  highest  limits,  and  then 


wm^m 


i 


DE  range:  underground  water-supply  and  rh^er  floods.    205 

suddenly  to  depress  it  to  its  lowest  limits,  so  that  the  fish  may  be 
caught  in  receptacles  placed  on  the  weir.     Water-users  pound  up  the 
water  to  obtain  increased  fall  and  volume,  and  draw  it  off  by  a  mill- 
THce,  discharging  it  at  the  mill-tail ;  the  water  is  often  allowed  to 
pound  up  the  mill-head  until  it  backs  up  the  mill-tail  of  the  works 
above,  no  thought  being  taken  of  the  requirements  of  the  works 
above  and  below,  **  flashes"  of  water  being  passed  on  without  any 
consideration  whether  the  works  below  can  use  it  or  not.  The  burden 
of  all  Royal  Commissions  on  this  subject,  and  the  concensus  of 
opinion  of  all  our  eminent  Water  Engineers  is,  that  without  central 
control  these  varied  interests  cannot  be  reconciled.     Weirs,  properly 
constructed,  would  offer  no  obstruction  to  land  drainage,  but  to  carry 
this  out  the  body  exercising  power  over  the  river  requires  to  be 
anned  with  the  authority  of  Drainage  Commissioners,  so  that  in  all 
cases  districts  receiving  waters  from  above  should  have  the  corres- 
ponding rights  of  discharge  into  the  districts  below. 

Ill  Prussia,  Saxony,  and  Bavaria  the  State  authority  claim 
absolute  ownership  of  the  water  and  navigable  rivers,  defraying  the 
expense  of  their  management  out  of  tolls  taken  for  use  of  the  river 
for  navigation,  mill-power,  and  other  purposes.  On  tributary  streams 
riparian  owners  and  townships  are  allowed  to  combine,  on  application, 
as  a  "  conservancy  authority,"  armed  with  powers  to  compel  the  con- 
struction and  maintenance  of  the  necessary  works,  and  to  tax  those 
benefitted,  but  7iot  those  whose  lands  are  beyond  flood  limits.  Occa- 
'^lonally  the  State  assists  townships  with  pecuniary  aid,  and  when 
^'*e  maintenance  of  navigation  or  the  rateable  value  of  land  can  be 

• 

increased  by  the  construction  of  an  embankment,  or  the  cutting  of  a 
^^^  channel,  the  State  defrays  the  cost  of  the  undertaking  out  of 
^he  public  funds. 

In  France,  the  Government  undertiikes  the  conservancy  of  all 
^^vigable  rivers,  at  the  expense  of  the  National  Exchequer.  In  the 
^^^aller  rivers  the  embanking  of  lands  against  floods  is  carried  out  by 

ft'ee  syndicates,"  formed  of  adjoining  owners  desirous  of  protecting 
^beir  property,  and  "authorized  syndicates,"  with  powers  to  compel 
^he  minority  of  land-ow^ners  to  join  schemes  projected  for  the  common 

S^Hxi,  the  want  of  unanimity  of  opinion,  causing  many  of  the  free 

'y^dicates  to  fail  in  their  object. 
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Applyiug  these  facts  to  the  British  Isles,  and  especially  to  that 
portion  of  them  that  have  come  under  the  jurisdiction  of  the  Local 
(jovernment  Act  of  1888,  calUng  into  existence  the  County  Councils 
of  England  and  Walen,  it  appears  to  be  necessary  that  there  should 
be  one  autliority  for  each  river  basin,  with  absolute  control  over  its 
waters  from  their  source  to  their  tidal  outfall,  that  such  authority 
should  be  selected  from,  or  nominated  by  the  County  Council  of  the 
county  or  counties  forming  the  river  basin,  the  number  of  representa- 
tives on  the  Boanl,  being  regulated  by  the  rateable  value  of  the 
portion  of  the  river  basin  in  the  county  in  question,  and  not  by  its  area. 

Looking  to  the  fact  that  the  water  used  in  this  countr}'  for 
manufacturing  and  other  trade  purposes  is  so  largely  in  excess  of 
that  rc<iuired  for  drinking  purposes,  and  that  the  value  of  a  large 
area  of  land  is  in  direct  proportion  to  its  facility  of  giving  the  water 
required  by  industry,  it  is  inexpedient  that  there  should  be  any 
interference  with  tlie  riparian  riglits  of  ownership,  now  exercised  l>y 
Lonls  of  the  Manor,  so  long  as  sucli  rights  do  not  interfere  with  the 
public  good,  but  tlie  control  of  these  rights  might  be  safe!}'  left  in 
the  hands  of  a  body  ac^juainted  with  local  requirements,  appoint^^d 
by  the  County  Councils  as  suggested.  Such  a  representative  Board 
would  1)0  able  to  benefit  land-owners  far  more  than  they  could  benetit 
themselves,  having  control  of  the  whole  of  the  river  gra<iient  from  its 
source  to  its  outfall,  they  would  be  able  to  maintain  our  rivers  at 
surticient  average  miniinum  height  to  insure  free  arterial  drainage, 
and  the  regulation  of  Hoods  at  a  sufficient  maximum  height  to 
originate  hydraulic  energy  when  required,  and  for  the  purposes  of 
navigation,  and  of  sufficient  purity  to  satisfy  the  requirements  of 
water  supply,  manufacturing  processes,  and  the  preservation  of  tish. 

Provision  for  concerted  action  of  county  authorities  in  the  same 
river  basin  has  already  been  provided  for  by  the  Act  of  18S8  as 
regards  Hi  vers  Pollution  ^  if  Parliament  should  give  them  simikir 
powers  as  reganls  111  vers  Conservation,  the  first  step  towards  the 
amelioration  of  the  evils  caused  by  flooods  will  have  been  taken. 

In  March,  1883,  a  Bill  was  proposed  and  brought  into  Parliament 
by  Mr.  Dodson,  Sir  Charles  Dilke,  and  Mr.  Ilibbert,  for  what  wa«. 
called  "  Rivers  Conservancy  ami  Floods  Prevention  Bill,"  which  dii^ 
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not  become  law.  The  Bill  did  not  recognize  the  absolute  control  of  a 
river  basin,  it  proposed  that  an  Inspector  of  the  Local  Government 
Board  should  hold  a  local  enquiry,  and  ascertain  what ''  lands  ought 
to  be  described  as  lowlands,  midlands,  and  uplands,". . .  "  and  what 
works,  if  any,  have  been  executed  for  the  protection  of  any  such  low- 
lauds,  or  midlands  from  floods,  and  in  what  proportion  such  lowlands 
and  midlands  ought  to  respectively  contribute  to  the  expenses  of  the 
Conservancy  Board,  and  what  uplands,  if  any,  ought  to  be  included 
in  the  district,  and  in  what  proportion  they  ought  to  contribute  to 
any  expenses  of  the  Conservancy  Board." 

And  it  would  have  further  been  enacted,  that  "  the  highest  rate 
in  the  pound  payable  by  any  uplands  included  in  the  district  shall 
not  exceed  one-tenth  part  of  the  rate  in  the  pound  payable  in  respect 
of  the  lands  in  the  district  which  pay  the  highest  general  rate,  regard 
shall  be  had  to  the  extent  to  which  any  artificial  drainage  works  for 
such  uplands  contribute  to  cause,  or  aggravate  floods  within  the 
district." 

In  the  projected  Act  of  1883,  no  provision  was  made  for  a  scien- 
tific examination  of  the  district,  previous  to  or  during  the  Local 
Government  Enquiry,  or  the  record  of  flood  levels,  the  amount  of 
rainfall,  the  amount  of  absorption,  or  any  other  data  that  would  be 
useful  to  the  Inspector  appointed,  in  proportion  to  the  time  the  ob- 
servations had  been  taken.    No  definition  was  given  of  the  difference 
between  uplands  and  midlands,  or  the  reason  why  the  river  basins 
were  not  divided  into  ** areas  not  flooded,"  and  "areas  subject  to 
flood,"  judging  by  some  sentences  in  the  projected  Act,  the  "midlands" 
'^ferred  to  areas  only  occasionally  flooded  during  the  flow  periods. 

Should  Parliament  pass  a  BiU,  enacting  that  a  "  Conservancy 
fioard  "  be  appointed  for  each  river  basin,  nominated  by  the  County 
^uncils  witliin  that  basin,  before  they  commence  their  active  opera- 
^'on8,  it  will  be  necessary  that  the  Surveyor  or  Engineer  obtain  for 
^etu  reliable  information,  as  to  the  heights  of  floods,  and  that  levels 
^ould  be  recorded  on  the  six-inch  County  Maps  of  the  Ordnance 
Stttvey,  such  information  would  be  greatly  enhanced  in  value,  if  a 
^^cord  was  taken  daily  of  the  height  of  streams  on  all  the  county 
^'idges,  such  observations  could  be  readily  obtained,  if  gauges  were 
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itiJ  the  top  was  level  with  the  surface.  He  found  25  per  cent,  of 
le  raiu  to  be  absorbed.  ^JHiese  observatious  were  probably  taken  with 
le  soil  resulting  from  the  decomposition  of  vegetable  matter  mixed 
ith  the  stiflF  Lancashire  Boulder  Clay.  M.  Manner's  observatious 
ive  the  larger  figure  of  39  per  cent ;  while  the  very  careful  observa- 
DU8  taken  by  Mr.  Dickinson  between  1836  and  1843  at  Nash  Mills 
jar  Heniel  Hampstead,  Herts.,  gave  42  per  cent.  ;  this  is  with  a 
lalky  porous  soil.  The  Nash  Mills  observations  have  been  con- 
nued  to  the  present  time  by  Mr.  Dickin.son\s  partner,  Dr.  Evans  F.R.S. 

The  gauge,  on  two  cast-iron  cylinders,  18  inches  in  diameter, 
id  3  feet  in  length,  turned  to  a  knife  edge  on  the  top,  are  sunk  to 
depth  of  3  feet  below  the  level  of  the  ground  in  which  they  are 
aced,  so  that  the  edge  just  projects.  One  of  the  cylinders  is  filled 
ith  the  ordinary  surface  soil  of  the  neighbourhood,  and  the  other 
ith  fragmentary  chalk.  Grass  on  and  around  the  cylinders.  The 
iufall  is  observed  in  the  immediate  neighbourhood  of  the  gauges, 
id  the  register  is  made  up  at  9  a.m.  The  year  is  divided  into  two, 
le  winter  half  commencing  1st  of  October,  and  the  summer  half 
5t  of  April. 

The  following  figures  give  the  average  for  30  years  : — 

Winter. 


Rain. 


1302 


Soil. 


0-20 


Chalk. 
779 


Summer. 


Rain. 


Annual  avera<xe : — 


13-35 


26-38 


Soil. 

Chalk. 

0-65 

1*71 

5-85 

9-51 

Phe  varpng  capacity  of  soils  for  the  downward  transmission  of  water 
i8  well-shown  in  the  above  table,  but  Dr.  Evans  points  out  it  is 
Joubtful  whether  a  3  foot  tube  is  a  fair  test  of  the  water  that  would 
Peally  make  its  way  down  to  feed  the  chalk  water,  as  it  is  possible 
that  atmospheric  influence  may  reach  even  10  feet,  and  maybe  drawn 
ttp  by  capillarity  within  the  limit  of  superficial  evaporation. 

Mr.  Green  s  observations  at  Lea  Bridge  from  1852  to  1873,  A^ith 
•tt  average  rainfall  of  26*8  inches,  gives  an  average  percolation  of 
tt'6  per  cent.  He  finds  the  abundance  of  water,  in  a  river,  to  be 
•oje  closly  dependent  on  percolation  than  on  mere  rainfall;  for  many 
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painted  on  them  in  whit«  and  black,  giving  the  height  in  feet  above 
the  Ordnance  datum,  of  the  mean  sea  level,  to  facilitate  comparison, 
and  the  height  of  the  water  upon  them  was  daily  noted  by  the  county 
Constabulary  on  their  ordinary  rounds.  On  important  points  self- 
reconiiug  apparatus  to  ascertain  the  daily  quantity  of  water  carricil 
down  might  be  placed,  under  the  direct  suj^ervision  of  the  Boanl'.s 
official,  who  should  organize  a  system  of  flooil  warnings  by  telegraph. 

In  the  meanwhile  much  valuable  information  may  be  rescued 
from  oblivion  by  observers,  who  will  note  the  height  marked  by  rtnod< 
at  imiwrtaut  points,  and  the  height  in  reference  to  the  Ordnance 
datum  given,  date  and  local  circumstances  recorded.  If  such  a  work 
were  undertaken  by  the  leading  provincial  societies  a  valuable  mai> 
of  facts  woidil  soon  accrue.  I  venture  to  think  it  is  also  the  duty  of 
scientific  societies  to  urge  upon  the  government  the  necessity  of 
Parliamentary  power  being  given  to  the  county  councils  ;  to  Siinction 
the  small  charge  that  would  have  to  be  made  on  the  water  ;  to  tix 
guages  on  the  county  bridges ;  to  inaugurate  a  system  of  flood- 
signalling,  and  to  make  such  contributions,  regulated  by  the  area 
included,  as  would  give  funds  for  the  inspection  of  rain-guages,  and 
the  tabulation  of  the  averages  of  the  rainfall  of  the  district  over 
which  the  Board  has  control.  Were  such  a  map  of  facts  in  existence 
the  Rivers  Conservancy  Board,  when  appointed,  would  have  a  tangible 
foundation  on  which  to  imjjrove  their  districts,  increase  its  wealth, 
and  preserve  the  health  of  its  inhabitants. 

Whether  it  is  advisable  or  necessary  that  there  shouhl  be  a 
responsible  official  of  the  crown  in  one  of  the  Houses  of  Parliament, 
whose  duty  it  should  be  to  represent  rii)arian  requirements,  i^  a 
matter  almost  beyond  that  of  subjects  appertaining  to  a  scientilir 
society,  but  that  the  necessity  of  control  of  our  rivers  should  K* 
vested  in  a  representative  body  chosen  from  the  district,  and  knowiu^ri 
its  requirements,  rests  upon  a  scientific  basis. 

Percolation  of  Ilainfall  into  the  Gronnd : — Experiments  wer 
made  sinmltaucously  by  Dr.   l)alton  at  Manchester,   and   by  i" 
Maurier  at  Genoa,  in  the  years  1796  to  1798.     Dalton's  guage  was 
cylinder  10  inches  in  diameter,  and  3  feet  deep,  oi>en  at  the  t<- 
closed  at  the  bottom,  tilled  with  earth,  and  sunk  into  the  gn^ii 
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until  the  top  wa«  level  with  the  surface.  He  found  25  per  cent,  of 
tlie  rain  to  be  absorbed.  These  observations  were  probably  taken  with 
the  soil  resulting  from  the  decomposition  of  vegetable  matter  mixed 
with  the  stiflF  Lancashire  Boulder  Clay.  M.  Maurier  s  observations 
gave  the  larger  figure  of  39  per  cent ;  while  the  very  careful  observa- 
tions taken  by  Air.  Dickinson  between  1836  and  1843  at  Nash  Mills 
near  Hemel  Hampstead,  Herts.,  gave  42  per  cent.  ;  this  is  with  a 
clialky  iK)rous  soil.  The  Nash  Mills  observations  have  been  con- 
tinued to  the  present  time  by  Mr.  Dickinson's  partner,  Dr.  Evans  F.R.S. 

The  gauge,  on  two  cast-iron  cylinders,  18  inches  in  diameter, 
and  3  feet  in  length,  turned  to  a  knife  edge  on  the  top,  are  sunk  to 
a  depth  of  3  feet  below  the  level  of  the  ground  in  which  they  are 
placed,  so  that  the  edge  just  projects.  One  of  the  cylinders  is  filled 
witli  the  ordinary  surface  soil  of  the  neighbourhood,  and  the  other 
with  fragmentary  chalk.  Grass  on  and  around  the  cylinders.  The 
rainfall  is  observed  in  the  immediate  neighbourhood  of  the  gauges, 
and  the  register  is  made  up  at  9  a.m.  The  year  is  divided  into  two, 
the  winter  half  commencing  1st  of  October,  and  the  summer  half 
l8t  of  April. 

The  following  figures  give  the  average  for  30  years  : — 

Summer. 


Winter. 

Rain. 

1      Soil. 

Chalk. 

13  02 

1       5-20 

779 

Annual  average  :■ 


Kain. 

Soil. 

13-35 

0-65 

26-38 

5-85 

Chalk. 


171 


9*51 


The  varying  capiicity  of  soils  for  the  downward  transmission  of  water 
is  well-sliown  in  the  above  table,  but  Dr.  Evans  points  out  it  is 
tloubtful  whether  a  3  foot  tube  is  a  iiiir  test  of  the  water  that  would 
feally  make  its  way  down  to  feed  the  chalk  water,  as  it  is  possible 
tliat  atmospheric  influence  may  reach  even  10  feet,  and  maybe  drawn 
^P  by  capillarity  within  the  limit  of  superficial  evaporation. 

Mr.  Green's  observations  at  Lea  Bridge  from  1852  to  1873,  with 
^uverage  rainfall  of  26*8  inches,  gives  an  average  percolation  of 
*^B-6  per  cent.  He  finds  the  abundance  of  water,  in  a  river,  to  be 
^oreclosly  dependent  on  percolation  than  on  mere  rainfall;  for  many 
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consecutive  months  there  was  no  percolation  whatever  ;  five  times 
there  was  no  percolation  for  six  months ;  and  only  in  one  year  (1860) 
was  tliere  percolation  every  month.  The  greatest  percolation  is 
after  snow  thaws,  especially  after  frequent  thaws  of  small  falls.  A 
wet  winter  give«  abundant  springs  in  the  following  autumn,  but  if 
that  be  followed  by  a  dry  winter  it  will  obliterate  the  effects  of  the 
previous  wet  winter.  Mr.  Greaves  is  of  opinion  that  a  flat  soil  will 
never  produce  a  flood  if  it  be  effectually  under-drained,  as  it  then 
resembles  the  percolation  gauge  ;  such  under-draining  would  diminish 
floods,  and  the  wat^r  would  be  run  off  gradually  and  improve 
the  'dry-weather  discharge.  Mr.  Greaves  considers  a  percolation 
gauge  should  be  36  inches  deep,  and  at  that  depth  that  water  is 
safe  from  the  surface  loss.  He  suggests  that  in  the  different  degrees 
of  capillarity  of  different  soils  lies  the  cause  of  their  variations  in 
healthiness,  the  high  capillary  power  of  a  clay  soil  producing  a  con- 
stant summer  exhalation. 

Underground  Water  Supply: — Pervious  or  permeable  forma- 
tions, by  gradually  absorbing  waters  falling  on  the  surface,  which  slowly 
percolate  through  them,  act  at  once  as  filter-beds  and  as  reser\'oirs,  the 
capacity  of  which  is  limited  by  the  area  of  absorption,  and  the  thicknes.s 
of  the  pervious  bed.  When  rain  falls  upon  a  pervious  rock  overlyiug 
impermeable  deposits,  the  water-line  is  generally  near  the  surface,  and 
forms  the  *' plane  of  saturation  "  which  is  found  to  be  slightly  above  that 
of  the  deepest  valley  intersecting  the  water-bearing  rock,  rising  towards 
the  centre  of  the  hill,  varying  within  certain  limits,  being  governed  by 
the  amount  of  previous  rainfall.  When  wells  are  sunk  into  it,  and 
excessive  pumping  takes  place,  the  plane  of  saturation  is  artificially 
and  locally  lowered,  and  is  known  as  the  pumping  level,  aft<jr  a  few 
hours  cessation  of  pumping,  the  water  rises  to  its  original  level,  or 
nearly  so,  the  point  so  reached  is  the  "rest-level."  The  difference - 
between  the  "  rest-level "  and  the  pumping  level  in  some  wells  is  as 


much  as  100  feet.     The  area  of  exhaustion  resembles  an  invertecz 
cone,  the  apex  of  which  rests  on  the  point  at  which  the  pum 
abstract  the  water,  and  the  base  of  which  is  a  circle  at  the  surfac 
around   the  well.      If   over  pumping  takes  place,   the   "cone 
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exhaustion"  has  to  be  increased,  its  vertical  height  increases  by 
lowering  the  pumps  to  a  lower  level,  and  a  larger  concentric  circle  is 
added  to  the  central  one  at  the  surface.  At  each  successive  lowering 
of  tlie  pumps,  a  larger  concentric  circle  of  contribution  is  added  to 
the  original  area  of  abstraction.  Wells  of  this  cla.ss  are  not  artesian, 
and  the  water  in  them  does  not  rise  at  pressure,  in  porous  rocks  of 
i^reat  thickness,  the  plane  of  saturation  is  ofkMi  at  a  considerable 
depth  from  the  surface,  the  annual  rainfall  absorbed  being  balance<l 
by  the  springs  ninning  off  at  the  lowest  level,  but  little  being  collected 
from  the  floods,  the  water  passing  over  the  outiTop  of  the  porous 
strata  t<K)  quickly  to  sink  into  the  strata,  in  these  cases  it  would  be 
possible  to  raise  tlie  height  of  the  saturation  level,  increase  the  storage 
powers  of  the  rock,  and  the  yield  of  the  springs  by  sinking  "  dumb- 
wells  "  into  the  porous  strata,  and  draining  the  storm-water  channels 
into  them,  in  this  manner  the  floods  of  wet  periods  may  be  collected, 
and  distributed  as  springs  during  periods  of  drought,  and  the  **  dry- 
weather  flow  "  of  the  streams  increased. 

When  Sandstone  or  (Jrit  is  examined  under  the  microscope,  spaces 
are  seen  to  exist  between  the  grains  of  sand  forming  the  rock.  Tlie 
size  and  extent  of  these  spaces  limit  the  capacity  of  the  rock  for  water 
ftorage,  water  being  stored  in  the  interspaces  just  as  water  is  storeil 
in  a  tank  full  of  shingle,  into  which  water  has  been  poured.  The 
amount  of  water  that  can  be  held  by  a  rock  varies  with  the  proportion 
of  its  cubic  contents,  that  is  made  up  of  interspa<.*es  ;  a  cubic  foot  of 
sand  or  chalk  will  hold  2  gallons  of  water,  a  cubic  foot  of  Bath  Oolite 
a  gallon-and-a-lmlf,  while  a  cubic  foot  of  granite  0-185,  or  a  pint- 
and-a-half. 

One  inch  of  rainfall  equals  1  gallon,  tilling  over  2  square  feet,  or 
^2,427  gallons  per  acre,  or  14,355,280  gallons  per  square  mile.  Such 
^  rainfall  spread  over  a  year  of  365  days,  gives  a  daily  average  of  62 
Kallons  per  day  per  acre,  or  40,000  gallons  per  day  per  square  mile. 
The  amount  that  can  be  absorbed  by  the  porous  rocks  varies  from 
^  to  15  inches,  and  may  be  said  to  average  10  inches  in  sandstone, 
^viug  400,000  gallons  per  day  per  square  mile.  This  figure  is  a 
^^ful  one  in  estimating  the  probable  yield  of  a  well. 

In  limestone  the  quantity  of  water  held  by  a  given  mass  of  rock 
***>  varies  with  the  size  of  the  infinitely  fine  grains  making  it  M^,\Jckfc 
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available  quantity  for  waterworks  purposes  is  chiefly  that  stored,  or  pass- 
ing through  circles,  joints  and  fissures,  whilst  the  remainder  of  the  water 
held  in  the  mass  occurs  between  the  particles,  for  the  retention  or  ab- 
straction of  which  there  is  a  constant  struggle  between  cnpillarit}' 
and  gravity,  and  though  the  water  is  received  with  great  rapidity,  it 
is  parted  with,  with  exceeding  slowness.  It  is  important  to  distingui'^h 
between  the  amount  of  storage  cajKicity  and  the  actual  volume  an- 
nually absorbed  from  rainfall,  the  one  appertaining  to  water  capital, 
the  other  to  water  revenue. 

When  bands  of  permeable  and  impermeable  rocks  alternate, 
each  porous  band  contains  a  separate  sheet  of  water,  which  Aow^ 
down  the  "  dip  planes"  of  the  strata  confined  by  the  impermeable 
layers  above  and  below.     Such  water  flows  with  the  "  head,"  due  to 
the  diff'erence  of  vertical  level  of  the  "  area  of  out-crop"  to  that  of 
the  "  area  of  discharge,"  less  the  frictional  resistance  of  the  fi"a^'- 
ments  of  the  rock  througli  wliich  it  passes.     Wlien  the  facilities  for 
the  discharge  of  a  volume  are  less  than  the  quantity  capable  of  l>ein;:r 
received,  the  porous  rock  will  be  fiiU  up  to  the  nnpenueable  layer 
above,  which  is  invariably  the  case  when  all  outlet  is  stoppoil  by 
faults  throwing  in  impermeable  strat^i,  or  by  the  dip  carr^-ing  the 
strata  beneath  the  sea-level.     Such  porous  rocks  may  be  regardeil  a^* 
underground  conduits,  tlie  depth  of  wliich  is  the  thickness  of  the 
l)ed,  the  width  of  which  is  the  extent  of  the  outcrop  or  horizontal 
strata  of  its  bed,  ami  the  inclination  of  which  is  the  dip  of  the  strata. 
"When  the  outlet  is  blocked  the  saturation  level  remains  unchau^'c^l 
and  unless  water  is  artificially  removed,  so  as  to  provide  space  for  a 
fresh  supply,  no  additional  water  can  be  added  to  the  existing  supply. 

From  the  investigations  I  made  in  187S  as  to  the  area  of  tlic^ 
various  rocks  in  each  river  basin  in  England  and  Wales,  which  fon^  & 
the  basis  of  the  paper  read  before  the  Water  Congi-ess  convenetl  1>3^' 
the  Society  of  Arts,  at  the  instigation  of  their  President,  H.K.IL  t\\  ^ 
Prince  of  Wales,  I  estimate  the  area  in  England  antl  Wales,  ocoupit^*  \ 
by  porous  rocks,  at  2G,r>83  square  miles;  whilst  the  cla.vs  of  tWe 
tertiary,  gault,  weald,  oolite  and  lias,  the  marls  of  tlu^  trias  ai"i<l 
Permian,  the  shales  of  the  carboniferous,  occupy  a  furtlier  19,.^t  >^ 
square  miles,  forming  for  the  most  part  a  "  supra-pervious  area/*    <^^ 
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one  which,  though  impervious,  overlies  pervious  rocks,  that  can  be 
drawn  from  by  artesian  wells,  or  discharged  into  by  dumb  wells,  into 
which  the  land-drains  might  discharge,  and  replete  the  strata 
beneath  with  water  that  would  otherwise  have  passed  off  as  devasta- 
ting floods,  aud  thus  increase  the  summer  discharge  of  the  streams, 
and  turn  the  intermittent  springs  into  springs  of  permanent  value. 

Should  dumb-wells  become  common  it  will  be  necessary  to  use 
great  care  tliat  communication  is  not  set  up  between  drains  carrying 
objectionable  matter  and  the  underground  sheet  of  water,  and  that  in 
drawing  water  from  wells  and  bore-holes  that  the  point  at  which 
the  water  is  abstracted  is  sufficiently  removed  from  the  surface  to 

insure  the  water  being  naturally  filtered  by  passing  through  the 
superincumbent  strata. 

The  alternating  character  of  the  Millstone  (jrit,  of  permeable 
and  impermeable  material,  and  the  deep  ravines  with  which  it  is 
generally  intersected  render  it  peculiarly  suitable  to  the  sinking  of 
dumb-wells  in  the  shale  areas,  to  conduct  the  rainfall  of  the  imper- 
meable portion  down  into  the  porous  rocks  beneath  when  it  can  be 
stored      They  are  also  valuable  for  giving  a  pure  and  permanent 
supply  of  water  to  wells  and  borings,  there  is  strong  reason  to  believe 
tliat  Underground  Water  from  this  source  will  be  more  and  more 
ntiliied,  and  this  woulil  be  still  more  likely  to  be  the  case  if  the 
natural  percolation  into  the  porous  outcrop  were  aided  by  dumb-wells 
through  the  impermeable  cover.     Reservoirs  having  to  be  constructed 
of  large  size,  to  enable  them  to  last  out  droughts,  necesssarily  occupy 
» considerable  area  of  the  best  land  in  a  hilly  district,  often  of  a 
character  well  suited  to  provide  food  stufl*  for  cattle,  a  matter  of 
great  importance  in  a  country  containing  so  small  an  area  as  England, 
Mid  consequently  obliged  to  import  a  large  portion  of  its  foo<i  supplies. 
The  Coal  Measure  Sandstones  of  Yorkshire  often  yield  good 
'Applies  of  fresh  water,  when  not  contaminated  with  water  from  coal 
workings ;  the  water  so  derived  is  bounded  by  faidts,  which  divide  the 
country  into  water-tight  couipartments.     The  fissure  of  the  faults, 

^versing  strata  of  an  impermeable  nature,  becomes  filled  with  it 
«d  constitute  a  water-tight  barrier. 

The  Triassic  and  Permian  formations  of  England  and   Wales 
'f®  capable  of  yielding  not  less  than  a  daily  avenige  of  3,000  uviUiow 
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gallons  of  water,  of  a  quality  remarkably  free  from  organic  impurity 
and  the  hardness  of  which  does  not  in  the  least  appear  to  affect  tli 
health  of  tlie  population  at  present  taking  their  supply  from  it,  tl 
death-rate  of  hard-water  areas,  other  things  being  equal,  comparin 
well  with  soft-water  areas. 

Referring  to  the^New  Red  Sandstone  Rock,  the  Royal  Con 
mission  into  the  Pollution  of  Rivers  (6th  Report  Domestic  Wat< 
Supply)  states,  it  constitutes  one  of  the  most  effective  filtering  mod( 
known,  and  being  at  the  same  time  a  powerful  destroyer  of  organ; 
matter,  the  evidence  of  previous  pollution  in  water  drawn  from  dee 
wells  in  this  rock  may  be  safely  ignored,  '*  for  being  a  porous  an 
femiginous  rock,  it  exerte  a  powerful  oxidizing  influence  upon  th 
dissolved  organic  matter  which  percolates  through  it.  To  such  a 
extent  is  this  oxidation  carried,  that  in  some  cases,  as  in  thrtse  < 
the  deep  well-waters  supplying  St.  Helens  and  Tranmere,  ever}'  trac 
(»f  organic  matter  is  converted  into  innocuous  mineral  coniiK)unds." 

The  Commissioners  further  add,  that  though  the  quartz  sai 
constituting  the  bulk  of  the  New  Red  Sandstone  is  usually  cement 
together  by  carbonate  or  sulphate  of  lime,  the  hardness  of  the  wa 
is  generally  moderate,  and  of  a  nature  that  can  be  softened  by  li 
and  they  state  that  '*  unpolhued  waters  drawn  from  deep  wells  in 
New  Red  Sandstone  are  almost  invariably  clear,  sparkling',  and  p 
able,  and  are  amongst   tlie  best  and  most  wholesome  water 
domestic  supply  in  Great  Britain.     Thoy  contain,  as  a  rule,  ) 
moderate  amount  of  saline  impurity,  and  either  none,  or  the  i 
trace  of  organic  impurity.     Then*  is  every  rea.son  to  believe 
vast  quantity  of  hitherto  unutilized  water  of  most  excellent 
is  to  be  had  at  a  moderate  expense  from  this  very  extensive  ge 
fonuation."     The  tnith  of  these  statements  has  been  ampl} 
by  the  labours  of  the  Underground  Water  Counnitteo  du 
past  sixteen  years.     It  is  horo  needless  to  point  out  the  n 
gallons  of  pure  water  that  are  daily  ])uuiped  for  the  publi 
of    Birmingham,    Nottin.i^ham,    Liverpool,     Birkenhead,    ^ 
Coventry,  an<l  the  StafTonlshire  Potteries. 

It  is  worthy  of  note,  that  faults  in  those  portions  c 
Red  Sandstone,  which  are  traversed  bv  thick  shales  or  roc! 
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with  porous  material,  and  do  not  offer  any  obstacle  to  the  passage  of 
of  water,  and  it  is  only  when  the  Keuper  rocks  are  either  present,  or 
have  been  just  overhead,  but  since  removed  by  denudation,  that  the 
&ults  form  into  barriers. 

The  Yorkshire  oolites  form  a  valuable  source  of  pure  under- 
ground water,  while  the  Yorkshire  chalks  offer  an  area  of  absorption 
of  no  less  than  420  square  miles,  and  has  been  carefully  studied  by 
Mr.  J.  R.  Mortimer.  A  considerable  area  of  oolitic  rocks  occur  in  York- 
shire, and  their  exceedingly  permeable  character  causes  them  to 
absorb  a  very  large  proportion  of  the  rainfall,  which  charges  the 
pores  and  fissures  with  immense  volumes  of  water  of  an  average  hard- 
ness of  23*52  grains  per  gallon,  but  capable  of  being  softened  at  a 
moderate  cost  to  5*8.     Vast  stores  of  magnificent  water  are  thrown 
out  in  springs  of  very  large  volumes,  which  are  seldom  used  by  com- 
munities  until    it    has  found    its  way  into  rivers,   and    becomes 
polluted.     The  temperature  of  these  springs  ranges  from  8°1  to  11°8. 
The  proportion  of  organic  matter  yielded  to  dumb-wells  in  this 
formation  is  exceedingly  small,  proving  the  Oolitic  Rocks  are  not 
inferior  to  the  New  Red  Sandstone  in  the  energy  with  which  they 
oxidize  and  destroy  the  organic  mutters  present  in  the  water  percola- 
ting through  them,  which  becomes  bright,  sparkling,  palatable,  and 
Perfectly  wholesome. 

The  alternating  character  of  the  Oolitic  Rocks  of  Yorkshire  have 
had  an  important  bearing  on  the  selection  of  the  sites  of  villages. 
tbxks  Mr.  Fox-Strangways*  remarks  that  "  on  either  side  of  the  great 
clay  valley,  where  springs  of  beautiful  calcareous  water  bursts  out, 
»»e  on  the  north,  the  villages  of  Witton,  AUerston,  Ebberston,  Stain- 
ton,  Brompton,  Wykeham,  Hutton,  Buschel,  Ayton,  and  Seamer ; 
and  on  the  south  those  of  Rillington,  Thorp  Basset,  Wintrfngham, 
Healerton,   Sherburn,   (Jantou,  Flexton,   Folkton,  Hunmanby,  and 
mailer  hamlets. 

The  chalk  absorbs  the  largest  proportion  of  the  rainfall  of  any 

wck*,  yielding  it  in  deep  wells  in  a  condition  of  purity  from  organic 

"MAter  unsurpassed  by  any  other  geological  formation,  and  it  consti- 

^ta  a  vast  underground  reservoir  in  which  the  water  is  not  only  kept 

r^  tB  *  Qeol.  Sar.  Mem.    On  the  country  around  Scarboro'  and  Filey. 
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pure,  but  is  kept  at  a  unitonn  temperature  of  about  10**  C  (50"*  V.). 
rendorinfc  it  cool  iu  summer,  aud  keeping  it  far  fix>in  freezing  in 
wititer.  Every  million  gallons  of  water  drawn  from  the  chalk  carrier 
with  it  iu  solution,  on  an  average,  IJ  tons  of  the  chalk  througli 
which  it  ha-^  porcolateil,  causing  an  additional  storage  room  for  lio 
gallons  of  water,  so  that  the  yield  of  a  well  draining  a  given  area, 
other  things  lieing  equal,  ought  to  gradually  increase  in  yield  until 
the  maximum  limit  of  permeability  is  reachetl. 

T\w  ('halk  of  Yorkshire  is  draiue<l  over  364  square  miles  by  tiic 
river  Hull,  90  miles  by  the  Derwent  and  Foulness,  while  88  miles 
ilraiii  northwanls  and  eastwards  to  Flamborough  Head  and  Bridlington 
Bay,  and  2(>r»  miles  southwards  into  the  mouth  of  the  Humber. 
Much  of  it  is  heavily  covered  with  the  thick  Glacial  Drift  of  Holder- 
ness,  chioHy  consisting  of  imi)ermeable  clay,  from  50  to  200  feet  in 
thickness,  their  surface  rising  to  109  feet  above  the  sea,  their  base 
sinking  ti>  130  feet  below  it.  The  chalk,  according  to  Mr.  J.  R. 
Mortimer. '  is  ftoo  feet  thick,  and  rests  on  impermeable  neocominn 
or  Kimeridge  (.-lays.  It  is  subject  to  the  curious  "  (iypsey  Races," 
lo<'nl  tem])orary  jiutumnal  rivers,  corresponding  to  the ''Bourns'* 
of  tlio  cludk  of  the  South  of  England. 

In  my  work  on  "The  Water  Supply  of  England  and  Wales," 
published  in    1SS2,  1   have  attempted  to  show  what  is  the  prolwblc 
supply  of  water  available  in  all  the  river  basins  of  South  Britain,  and 
what  is  the  amount  recjuired  to  satisfy  the  demands  upon  that  sui)ply. 
with  the  result  that  it  appears  to  be  ami)ly  demonstrated  that  tlif 
rainfall  of  tins  country  is  more  than  sufficient  to  meet  all  the  re<iuire — 
ments  of  huuinn  consumption,  manufacturing  jH'ocesses,  und  the  pur — 
posi'S  of  canalization,  anil  yet  with  these  resources  large  districts  stilF^ 
suffer  from  all  the  ills  of  polluted  water  su])ply,  whilst  other  arear=^ 
are  devastated  by  flooils,  representing  unproductive  rainfall  pa.ssin;^ 

to  the  sea.     In  no  county  would  this  unproductive  rainfall  be  mor 

valuable  than  in  that  of  Yorkshire,  where  water  is  not  cmlv  want<»— 
for  human  consumption,  but  for  the  varied  pn>cesses  of  trade,  an 
nowhere  could  it  be  more  largely  increase<l  by  dumb-wells  in  tt 
manner  suggested. 

*  Min.  Proc.  Tnnt.  O.B.,  vol.  iv. 
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BY  J.   R.  MORTIMER. 

Every  town  and  village  has  an  unwritten  history  to  be  deciphered, 
and  the  writer  hopes  that  his  feeble  attempt  in  this  instance  will 
induce  others,  far  more  able  than  himself,  to  make  known  any  still 
remainin<(  arcluuological  features  belonging  to  localities  best  known 
to  them.  He  believes  a  few  more  papers  of  this  kind,  notably  such 
as  those  given  by  Mr.  Holmes  and  by  Mr.  Davis  in  Vol.  ix.,  would  do 
much  to  increase  and  sprejui  a  knowledge  of  the  early  history  of 
Yorkshire,  and  not  in  any  way  detract  from  the  merits  of  the  Society's 
Proceedings.  Though,  probably,  its  chief  purpose  is  to  advance 
geological  reseiirch,  the  field  for  geological  study  will,  in  the  main, 
be  as  readily  investigated  in  a  thousand  years  hence  as  now,  and 
there  is  no  need  for  anxiety ;  not  so  with  tlie  works  of  early  man 
sculptured  in  various  forms  on  the  eartli's  surface.  Modern  civiliza- 
tion, and  its  inevitable  surface  mutilations,  often  miscalled  improve- 
i»eut«,  have  necessarily  removed  the  greater  portion  of  the  old  works 
and  ideas  of  the  early  ages  of  man,  and  but  a  very  small  proportion 
of  what  once  existed  now  remains.  These  also  will  soon  be  lost  for 
ever  if  not  deciphered  and  recorded,  hence  the  value  of  encouraging 
wchajological  pursuits,  and  oHering  facilities  for  noting  and  preserving 
the  few  remaining  works  of  the  distant  past. 

Fimber  is  pleasantly  situated  on  what  we  may  term  a  rampart- 
girt  natural  eminence,  in  a  pictures<iue  depression  on  the  eastern  side 
of  the  Chalk  hills.  At  what  period  man  was  first  domiciled  on  this 
8pot  will  never  be  ascertained,  but  the  evidence  we  possess  carries  us 
fitf  back  into  its  past  occupation. 

During  the  last  26  years  I  have  (often  assisted  by  my  brother, 
K»  Mortimer)  excavatarl  the  barrows  and  every  kind  of  ancient  earth- 
work in  its  vicinity  which  were  likely  to  yield  any  information  on  the 
'^igott^n  past,  and  it  is  maiiJy  by  the  aid  of  the  pick  and  the  shovel 
^t  I  have  obtained  the  interesting  information  which  forms  the  sub- 
iGct  of  this  paper. 

As  I  have  already  intimated  Fimber  is  a  place  of  great  antiquity. 
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It  is  situated  within  a  lar^e  entrenched  enclosure,  the  plan  of  which 
is  given  in  pi.  viii.,  and  most  probably  it  wa?>  one  of  those  British  forti- 
fie<l  towns  (Oppida)  described  by  Cawar  as  places  «>f  refiij^e,  viz., 
"  points  natunilly  strong  by  reason  of  difficult  gniund,  marshes  or 
**  wood,  and  still  further  secured  by  mounds  tuid  ditches.  To  the 
"ample  area  thus  prot4.^cted  cattle  and  men  retreated  from  liostile 
'*  incursions."* 

This  entrenchetl  enclosui-e  is  one  of  sevend  similar  enclosures  un 
tlie  iuljoining  hills,  and  to  whi<.'h  it  has  been  linkeil  by  the  same  kind 
of  ram|)arts  and  ditches.  But  as  the  Rev.  E.  M.  Cole,  a  short  time 
ago  (Vol.  xi.,  Part  1),  gave  a  very  interesting  paper  on  this  class  of 
entrenchments,  iIhi.strati.Hl  with  a  plan  on  which  he  traced  a  few  of 
tliese  entrenchments  over  a  considerable  Jirea  i>f  this  neighbourli(XKi, 
and  as  my  brother  lias  publi.shed  a  map  showing  their  form  and 
arrangement  in  the  neighbourhood  of  Fimber,  it  is  not  necessary  1 
slioidd  describe  them  further  in  this  paj)er.  But  in  aildition  t<>  this 
system  of  ancient  earth-works,  whicli  is  not  later  than  those  named 
by  Ciesiir,  are  the  remains  oi'  others  and  even  ohler  earth- works, 
which  unfortunately  have  hitherto  l)een  included  with  the  entrench- 
ments proper. 

The  accompanying  plan,  pi.  viii.,  shows  six  of  this  class,  to  whicji 
1  give  the  name  of  '  hollow-ways'  or  covered-ways,  converging 
towards  the  village  of  Fimber.  (hi  the  uncultivated  hill-.sides  they 
now  have  the  appearance  of  narrow  terraces,  but  wherever  the  ground 
has  been  long  tilled  no  visible  trace  of  these  hollow-ways  remains  : 
but  it  is  almost  crertain  that  they  all  approache<l  ti^?  near  t<»  the 
village  of  Findjer  as  the  western  end  of  No.  o  has  been  tnicei;!  to  : 
whilst  very  probably  a  similar  sunk-way,  all  surface  trace  of  whi4*h 
has  been  removctl  by  h)ng  cultivatit)n  of  the  land,  ran  nnithwanU 
between  Nos.  1  mul  .'>.  In  excavating  near  the  church  the  end  of 
.such  a  trench  was  discovered  pointing  in  that  direction. 

During  \H{}}]  to  IS.S(>  1  obtained  many  sections  by  cutting  acroN> 
ej«.-h  of  these  hi  11 -side  ledges  at  several  points,  and  in  every  case 
they  were  found  to  be  V-shaped  trenches  (see  sections,  fig.  2)  3  feet 
to  4^-  feet  deep,  and  measuring  from  8i  feet  to  16  feet  wide  at  the 

*  Bell.  Gall.  V.  21. 
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top,  and  from   18  inches  to  3  feet  at  the  bottom,  the  excavated 
niaterial  from  which  now  sliglitly  raises  the  natural  contour  of  the 
liill-side  alon«^  their  lower  e«lge,  and  originally  may  have  been  suffi- 
ciently high  to  cover  from  sight  a  tall  man  while  passing  along  the 
lx)ttoni.     The  lower  halves  of  these  trenches  were  found  to  be  filled 
with  small  chalk  grit  which  had  been  slowly  removed  from  the  hill- 
sides above  by  rain  and  frost,  and  the  upper  portions  were  charged 
with  soil-like  matter.     A  short  description  of  each  hollow-way  will 
thr«jwsome  light  on  their  use,  sliow  the  unifonuity  of  their  plan,  and 
enable  their  positions  to  be  male  out  on  the  6-inch  Ordnance  Maps. 
Xo.  1  is  visible  for  three  (piarters  of  a  mile,  running  midway 
along  the  S.AV  Iiill-side  oF  "  Rain  Dale,"  and  about  a  chain-length 
l>el€jw  the  entrenchments,  locally  called  double  dykes,  which  run 
along  the  brow  of  the  hill-side.     At  its  bottom  we  observed  two  to 
three  inches  of  gritty  matter,  comparatively  hard  and  compact  as  if 
from  having  been  fre(|uently  walked  upon, 

Xo.  2  branches  from  Nt).  1  at  a  point  on  the  6-inch  O.S., 
marked  by  the  letter  "  e  "  in  Rain  Dale.  It  crosses  the  east  end  of 
"  Wail  Dale,"  and  is  visible  midway  between  the  northern  side  to  the 
^est^jrn  termination  of  this  dale. 

Xo.  3  is  distinctly  shown  for  a  short  distance  dividing,  ei^ually, 

^**e  liill-.side  called  "  Haggdale  Cliff."     It  faces  the  south  side  of  the 

•^^Iway,  half  way  between  Fimber  and  Burdale  stations,  and  can  be 

'"^^^n  from  the  train.     From  here  it  is  traceable  in  places  as  far  as 

"'^Jtiale,  and  is  well  shown  terminating  there  on  the  S.  W.  hill-side, 

"^ftr  a  fine  spring  of  water,  (about  2  miles  from  Fimber)  to  which  it 

^'''^bably  led,  there  being  no  other  spring  of  water  within  twice  the 

"^^taiice  from  the  village  of  Fimber. 

No.  4  strikes  nearly  due  north  from  Fimber,  then  swerves  more 
^^^^terly  towards  the  old  settlement  of  Towthorpe,  but  only  begins  to 
^^  ^listinctly  traceable  on  tlie  surface  at  the  southern  end  of  "  Big 
**J«,"  on  the  eastern  hill-side,  where  it  is  cut  across  by  a  double 
•Vice,  (entrenchments)  running  vertically  up  the  hill-side  in  the  direc- 
*^-^^  ofSledmere.  June  8th,  1863, the  Section,  pi.  ix.,  fig.  4,wast&ken 
^^^'tt  2(M)  yards  north  of  the  entrenchments,  and  cm  August  29th, 
*^'^,  we  made  an  excavation  into  the  north  side  rampart  of  the 
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eiitrenclimeDts,  and  obtained  a  similar  section  of  this  hollow-way 
extending  under  the  rampart,  clearly  proving  it  to  be  the  oldest 
of  the  two. 

No.  5,  except  being  seen  at  times  as  a  green  strip  in  the  growing 
com,  can  only  be  traced  by  excavating,  all  surface  configurations 
having  been  removed  by  the  often  repeated  tilling  of  the  land.  In 
tracing  its  position  we  took  more  tlian  20  sections,  and  the  one 
noarest  the  village  was  taken  a  few  yards  north-east  of  the  most 
easterly  mere  in  the  grass  field  close  to  the  north  side  of  the  road  to 
Sledmere,  and  its  position  on  the  6-inch  O.S.,  is  near  the  letters  "  sc  " 
in  •*  Manor  House."  Prom  this  point  it  runs  eastwards  close  to  the 
north  side  of  the  road  to  the  bottom  of  the  hill,  a  distance  of  une-sixtii 
of  a  mile,  or  1  inch  on  the  6-inch  map,  it  then  crosses  the  road  obli<[uely 
and  runs  by  the  south  side  of  the  road,  where  it  is  cut  by  a  chalk 
pit.  from  the  opposite  sides  of  which  the  sections,  pi.  ix.,  fig.  5,  were 
taken  ;  it  then  gradually  rises  the  hill-side,  and  on  rejiching  a  point 
opposite  Finiber  station,  is  crossed  by  the  British  entrenchments 
shown  on  the  plan,  but  now  almost  equally  obliterated.  From  here 
it  sweeps  round  **  Cole  Xab,"  and  was  found  extending  one-sixth  of 
a  mile,  «and  probably  might  be  traced  further. 

No.  6  rises  obli([uely,  the  ground  sloping  to  the  south,  cultiva- 
tion ha.s  removed  all  surface  configuration  of  these  trenches,  but  at 
times  they  are  distinctly  visible  in  the  maturing  crops  by  a  line  of 
deep  green  corn  growing  on  it,  see  plate  ix.,  fig.  6,  one  of  three 
taken,  in  all  of  which  we  found  fnigment^  of  Roman,  or  Romano- 
British  pottery,  but  in  no  ca<?e  below  half  the  depth  of  the  trend). 
This  sunk- way  possesses  mlditional  interest  by  crossing  two  narrow 
terraces,  (a  paper  on  these  teiTaces  is  given  in  vol.  ix.)  see  fig.  A, 
plan  2.  At  this  point  Jin  excavation  was  specially  maile  across  this 
covered-way,  and  one  of  the  ten-aces  at  the  point  of  iutersection. 
with  the  view  of  proving,  as  far  as  possible,  which  was  the  oldest, 
and  all  the  appearances  of  our  section  seemed  to  show  that  the 
ternvce  had  been  made  the  first. 

Nevertheless,  the  hollow-way  was  proved  to  be  of  great  age  by 
the  finding  of  fragments  of  hard  Roman  pottery  in  all  the  thre 
excavations,  but  in  no  ch^q  Mow  half  its  depth,  indicating  that  thi-r 
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trenched  road  had  been  disused,  and  half  filled  up  by  slowly  accumu- 
lating debris,  before  the  potsherds  had  found  their  way  into  it.  This 
is  strong  proof  that  it  was  constructed  in  Pre-Roman  times.  Besides 
the  above  evidence  of  the  anticjuity  of  these  sunk-ways  we  find  the 
two,  marked  Nos.  1  and  4,  are  shai-ply  cut  by  the  old  entrenchments 
which  enclose  the  village  of  Fimber,  and  Nos.  8  and  5  appear  to 
afford  similar  evidence ;  these  are  unquestionably  ancient  British, 
thereby  proving  that  these  sunk-avenues  are  older  than  the  entrench- 
ments, and  that  they  belong  to  a  period  of  still  more  primitive 
culture. 

They  have,  at  some  remote  period,  been  excavated,  and  ahnost 
certainly  used  as  roads,  leading  in  nearly  every  direction  to  and  from 
a  small,  and  probably  rudely  entrenched  settlement,  the  site  of  which 
is  now  occupied  by  the  little  village  of  Fimber ;  and  the  demolished 
barrow,  pi.  viii..  on  which,  as  will  be  shown,  three  succeeding 
churches  have  stood,  was  probably  within  this  enclosure  ;  indications 
of  such  an  enclosure  seem  yet  to  remain  in  places. 

In  a  wild  and  wooded  district  these  narrow  sunk-ways  woiUd  be 

safe  and  sure  guides  by  day  and  by  night  to  a  rude  settlement,  to 

which  they  undoubtedly  lea^l.     They  would  also  protect  the  primitive 

settlers  during  their  travels  iu  what  was  probably  then  more  or  less 

a  forest,  against  sudden  attacks  of  the  wild  and  ferocious  animals  of 

that  period,  which  would  not  choose  to  enter  these  narrow  trenches. 

They  would  likewise  assist  the  hunter  to  approach  unobserved,  any 

animal  in  the  vicinity,  he  wished  to  capture  ;  and  any  large  game  he 

might  surprise  and  force  into  these  narrow  and  deep  ditches  would 

have  great  difliculty  in  extricating  itself,  and  might  be  readily  driven 

along  the  ditcher  into  the  central  and  inhabited  enclosure,  where 

it,s  capture  would  be  more  easily  accompHshed.     Lastly,  they  un- 

^iuestionably  denote  the  fixed  settlement  of  a  rude  and  primitive 

commune  in  pre-historic  times,  earlier  even,  as  before  named,  than 

the  i>eriod  of  double  dykes  (entrenchments),  of  which,  let  me  remark, 

tliere  is  no  written  or  oral  history,  and  whose  use  is  entirely  forgotten. 

Still  older  than  these  hollow-ways  are  what  the  writer  terms 

"Habitation  Terraces,*'  generally  situated  on    the  sides  of  deep 

Valleys  facing  the  morning  or  mid-day  sun,  a  few  of  which  exist  near 
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Fiinber,  and  are  shown  on  the  accompanying  plan  by  blue  patches  of 
a  wedge-shape,  which  in  some  instances  are  shown  to  be,  as  previously 
mentioned,  intersected  by  hollow-ways.  A  description  of  these 
terraces  will  be  found  in  Vol.  ix.,  Part  2,  of  the  proceedings  of  this 
society ;  whilst,  probably,  equally  as  old  as  these  terraces,  or  even 
older,  as  we  have  not  as  yet,  had  means  of  determining  the  relative 
age  of  the  two,  are  the  tumuli  in  the  immediate  vicinity  of  this 
nllage.  I  will  give  an  account  of  two  of  these  to  show  the  intimate 
counectiou  they  have  had  with  the  pre-historic  inhabitants  of  this 
place. 

The  tirst  barruw  is  known  by  the  old  inhabitants  as  "  Mill  Hill" 
(which  name,  in  thil^  plac«,  is  probably  a  corruption  of  "Mall  Hill*' 
or  **  Moot  Hill,"  as  there  is  no  tradition  that  a  mill  ever  stood  upon 
it) ;  it  measured  45  feet  in  diameter  and  about  2  feet  in  elevation, 
and  was  eomposeil  for  the  most  part  of  unwaterwom  chalk  gravel. 
It  is  situated  about  a  (j[uavter  of  a  mile  to  the  west  of  Fimber,  in  a 
field  called,  by  the  old  residents,  "  Mortar  Pits,"  from  its  being  the 
site  of  extensive  old  pits  from  which  a  small  unwaterworn  chalk 
gravel,  mixed  with  pulverized  chalk,  was  at  one  time  obtained,  and 
extensively  useil  as  mortar  for  building  the  stone  walls  and  laying 
the  floors  of  dwelling-houses  and  other  buildings  erected  in  the 
neighbourhood. 

We  comnieuoed  to  open  this  baiTow  first  by  a  trench,  9  feet  wide 
from  it^  southern  to  its  northern  margin,  and  observed  the  ground  to 
liJive  been  disturbed  to  a  depth  of  4  feet,  from  which  we  took  frag- 
ments of  mediieval  and  other  pottery,  pieces  of  corroded  iron,  teeth 
and  bones  of  animals,  all  mixed  in  great  confusion  with  the  substance 
of  the  mound  from  base  to  apex.  We  next  made  a  second  trench, 
i)  feet  wide,  adjoining  and  parallel  with  the  west  side  of  the  fii*st 
opening.  Afterwards  a  similar  trench  was  made  on  the  east  side  of 
the  mound,  also  adjoining  to  and  parallel  with  the  first  opening. 
These,  like  the  first  excavation,  yielded  teeth  and  bones,  potshenls 
and  coiToded  iron,  which  were  also  dispersed  throughout  the  excava- 
tion in  a  similar  confused  manner  ;  whilst  near  the  western  margin, 
about  I  foot  below  the  surface  of  the  barrow,  we  took  a  small  bronze 
buckle  and  a  pretty  little  stutl  of  the  same  metal,  which  had  been 
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riveted  to  some  thin  substauce.     A  few  fliut  flakes  were  also  found. 
In  looking  over  the  potsherds  four  kinds  were  readily  observed. 

The  first  consisted  of  a  few  pieces  of  rather  small  vessels  of  a 
dark  texture,  very  like  the  Roman  black-ware,  and  free  from  glaze. 

The  second  kind  are  larger  pieces,  of  a  coarse  brown  colour, 
Home  portions  of  which  are  glazed  and  seem  to  belong  to  vessels 
somewhat  resembling  the  common  pancheons  now  in  use. 

The  third  kind  contains  many  pieces  of  a  thin  unglazed  ware, 
made  of  red  clay,  the  inside  of  which,  to  about  half  its  thickness,  is 
burnt  black. 

Lastly,  there  are  many  pieces  clearly  belonging  to  several  vessels 
of  various  sizes,  all  of  which  possess  a  beautiful  green  glaze,  and  have 
a  whitish  texture. 

The  corroded  iron  consists  for  the  most  part  of  nails,  some  of 
which  have  rather  large  flat  heads,  and  others  have  small  heads, 
similar  to  some  of  the  kinds  now  in  use.  There  are  also  four  bent 
pieces,  resembling  the  sides  of  buckles,  or  staples,  and  four  flat 
pieces,  two  of  which  appear  to  have  had  holes  through  them  ;  and 
the  other  two  look  like  portions  of  knives  or  spear-heads.  The  most 
recognisable  bones  we  possess  from  this  mound  are  chiefly  teeth  of 
the  horse,  cow,  and  the  goat  or  small  deer. 

After  a  few  years  increased  experience  in  barrow  digging,  we 

believed  that  a  further  examination  of  this  mysterious  mound  would 

t>lirow  some  additional  light  on  its  lost  history ;  we,  therefore,  on 

^Aidlay  12th,  13th,  and  1 4th,  1870,  conducted  a  most  careful  research, 

<^ommencing  on  the  southern  margin,  and  presently  noticed  a  well- 

d.«fined  disturbance  in  the  ground  under  the  mound,  running  towards 

"tVie  centre.     In  following  this  old  excavation  we  observed,  on  reach- 

xng  the  centre  of  the  mound,  that  it  branched  to  the  east  and  to  the 

^^w€8t,  and  also  extended  towards  the  northern  margin,  thus  forming  a 

oomplete  cross-formed  excavation,  with  equal  arms,  cut  through  the 

mound  into  the  ground  below,  and  charged  with  dirty  gravel.     This 

gravel,  like  that  from  the  mound  above,  was  found  to  be  mixal  with 

giBat  numbers  of  potsherds  similar  to  those  I  have  described,  broken 

animal  bones  and  teeth,  bits  of  burnt  and  decayed  wood,  and  much 

^^fdized  iron,  chiefly  nails  of  various  sizes,  some  adhering  to  bits  of 
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decayed  wood,  apparently  oak.  There  were  also  a  small  bronze 
buckle  and  other  bits  of  bronze.  Down  the  centre  of  this  cross- 
formed  excavation,  at  a  depth  of  4^  feet,  ran  a  walleil  cross,  pi.  ix. , 
fig.  8,  composed  of  two  and  in  some  places  three  course-s  of  thin 
stones,  tlie  interstices  filled  in  with  chalk  ^(ravel,  and  a  little  clay 
obtained  fn)m  a  distance  (the  centre  of  Fiml)er  bein^'  the  nejirest 
place  from  whence  it  could  be  obtained).  JJacli  arm  of  this  walled 
cross  was  about  8^  feet  Jong,  16  inches  in  width,  and  from  K  to  10 
inches  high.  The  stones  composing  it  were  mainly  of  chalk,  some 
of  which  liad  been  slightly  dressed,  and  there  were  also  a  few  bits  of 
untooled  liaj^'^ic  and  oolitic  stones.  Below  this  walled  cn)ss  the 
excavated  cross  extended  downwards,  and  was  also  chargetl  with 
gravel  discolouretl  with  a  little  soily  matter,  containing,  but  not  so 
numerously  as  the  above,  potshenls,  bits  of  animal  bono,  iron  nails  much 
rusted,  and,  what  is  still  more  interesting,  some  bit^  of  a  British 
foo<l  vaso.  This  excavation  reached  to  a  depth  of  9  feet,  and  at  the 
bottom  each  arm  measured  10^  feet  from  the  centre  of  the  cn>.ss 
excavation,  and  nearly  4  feet  in  width.  On  the  bottom,  which  was 
undisturbed  angular  chalk  gravel,  wjis  a  second,  plate  ix.,  fig.  i>,  un- 
finished, or  partially  destroyed  (probably  during  some  jwirty  conten- 
tion, religious  or  secular)  walled  cross  also  mainly  composed  of  rough 
pieces  of  chalk  stone,  with  occasional  bits  of  liassic  and  oolitic  rock>, 
interspersed  with  clay,  which  seemed  to  have  been  used  as  mortar. 
This  structure  measured  18  inches  wide  and  8  inches  high  where  it 
had  not  been  injured,  and  its  anns  were  a  little  longer  than  those  of  ^ 
the  more  perfect  cross  4^  feet  vertically  above  it. 

The  age  of  these  crosses  is  uncertain,  but  probably  they  date-? 
from  late  lioman  through  Anglo-Saxon,  and  were  in  use  up  to  earl\— 
mediiuval  times  jis  places  of  assembly,  (a  few  similar  cros.ses  havt*-" 
l)een  discovered  in  other  places  near  old  settlements)  whilst   th» 
discoverv  of  fiint-Hakes  and  bits  of  a  British  vase  indicate  the  sit« 
of  a  British  barrow  and  the  breaking  up  of  a  British  interment 
whilst  the  pieces  of  lias  and  oolite  may  have  been  portions  of  tl)w= 
slabs  of  a  cist,  which,  with  its  contents  was  dostn^viMl  at  the  time  «>- 
digging  the  cross-shaped  excavation,  which  completely  occupied  tli-« 
centre  of  the  mound.     We  also  noticed  places  where  patches  of  th  •• 
original  British  barrow  seeme<I  to  remain  undisturbed. 
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The  next  Barrow  is  situated  on  the  terminal  end  of  a  natural 
eminence  of  the  chalk  rock  called  Church  Hill,  in  the  centre  of  the 
village.  Its  discovery  was  made  June  4th,  1869,  while  taking  down 
the  old  church,  and  excavating  the  foundations  for  a  new  one,  about 
to  be  built  by  the  present  Sir  Tatton  Sykes,  Bart.,  who  has,  with 
great  liberality,  built  and  restored  several  other  churches  in  the 
neighbourhood.  At  the  same  time  traces  of  the  foundations  of  an 
earlier  and  larger  church  than  the  one  just  taken  down  were  here 
and  there  observed. 

The  debris  of  this  early  church  was  in  some  places  18  to  20 

inches  in  thickness,  and  contained  numerous  small  pieces  of  burnt 

wood,  and  towards  the  west  end  bits  of  stained  glass,  and  a  consider- 

sLhie  quantity  of  melted  lead,  which  had  in  places  run  into  small 

openings  and  cavities  in  the  debris,  giving  strong  proof  that  this 

Oisrly  church  had  been  destroyed  by  fire.     It  was  also  then  shown 

t^Iiat  this  early  church  had  stood  upon  an  artificial  mound,  apparently 

D  oval  barrow,  consisting  of  horizontal  beds  of  clay,  interspersed 

ith  horizontal  patches  of  loose  flint-stones  of  various  sizes.    These 

1:b..cu1  been  obtained  from  the  surface  of  the  surrounding  land,  whilst 

le  clay,  which  at  first  we  mistook  for  a  natural  bed  of  **  Hessle  Clay  " 

.pping  the  chalk,  had  been  obtained  from  a  bed  of  clay  fiUing  a 

fc^cDllow  in  the  surface,  and  now  the  site  of  two  fine  meres,  which 

^*-^3om  the  centre  of  the  village . 

Probably  the  obtaining  of  this  clay  for  building  the  barrow,  and 

fc^^^ubing  the  wattled  huts  of  that  and  succeeding  periods,*  left  the 

"-Callows  which  in  part  now  form  the  beds  of  the  present  meres. 

T^Tiis  supposition  has  been  suppoi-ted.     During  the  very  dry  summer 

^^^  1826,  an  attempt  was  made  to  remove  the  mud  from  the  large  oval 

^Od  most  easterly  mere,  but  when  about  half  completed  the  weather 

*  Eyen  some  of  the  partition  walls  in  the  interior  of  the  old  hocuie  in 

^liich  the  writer  was  bom,  an  interesting  old  place,  now  consists  of  clay  obtained 

^^om  the  localities  of  these  meres,  mixed  with  a  little  short  straw,  and  it  is 

^nown  that  originally  its  enter  walls  also,  as  well  as  the  walls  of  most  of  the 

^^'tlier  old  houses  in  Uie  village  were  at  first  entirely  composed  of  this  clayey 

■nbittnce,  which  is  found  in  no  other  place  nearer  than  the  village  of  Friday- 

^il^np^  a  distance  of  nearly  two  miles,  where  also  a  bed  of  clay  is  the  site  of 

Wo  meres  in  the  centre  of  the  village,  and  there  are  other  instances. 
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suddenly  changed,  and  a  violent  thunderstorm  put  an  end  to  the 
operations  by  covering  the  bottom  with  about  2  feet  of  water. 

But  in  the  dry  summer  of  1884  the  water  was  sufficiently  low  t^^ 
enable  the  villagers  to  i-emove  from  this  mere  the  whole  of  the  mud 
which  liad  accumulatoil  during  untold  ages  along  it^  centre  to  the 
depth  of  3  to  6  feet.  This  exposed  the  original  irregular  lx>ttom, 
which  much  resembled,  in  places,  shallow  pit«  fnun  which  clay  harl 
been  at  different  times  taken.  The  finding,  about  2  feet  down  in 
the  mud,  an  iron  spear-head,  probably  Anglo-Saxon,  or  \K)ssibly 
Romano-British,  goes  far  t^  prove  that  this  ]>ortion  of  the  mere  had 
not  been  cleaned  for  many  centuries. 

Returning  to  the  barrow.     At  the  west  end   of  the  cliun^h 
pi.  ix.,  fig.  10,  under  the  site  of  the  old  tower,   at   a  dei)th    of 
5  feet  below  the  present  surface,  and  about  3  feet  below  the  <i^hri<  of 
the  original   church,  the  workmen  came  upon  animal  bones,  car- 
bonized  wood,   and  lastly,  after  having  dug   up  a  small  tiint  axe 
and    a}>parently    destroyed    three    small    vases,    they    made    tin* 
find  known  to  the  writer.     On  arriving  at  the  place  we  found   that 
the  workmen  had  reached  within  a  few  inches  of  the  bottom  of  a  jTravc 
cut  a  little  way  into  the  chalk  rock,  and  after  a  careful  search  wc 
found  further  portions  of  two  food  vases  and  part  of  a  drinking  cup 
having  a  wide   base  :    also   small   bits   of  the   linelv   ornanientt^l 
rim  of  an  incense  cup.     Near  these  were  a  portion  of  a  hone-pin. 
several   hand-struck   ti«akes,    all    of   flint,    from    the   noighbourinir 
chalk,  a   very   large   tusk   of  the  wild   boar,  and  iM)rtions   of  tlu^ 
upper  valve  of  **  Pecten  opercularis"  which  may  have  l)een  valued 
as   a   memento   of,   at    that  time,   a  rather  hazardous  ex])editiou 
to  the  eiistern  shore-line,  as  probalJy  the  boar's  tusk  betokcne<l   thf- 
remeuihrance  of  a  successful  hunting  e\'])edition  in  the  then  swanijn 
jungle   of  Ilolderness.      Some   dark    matter,   l>its   of  ))urnt    w<h><I  , 
splinters  of  bone  and  teeth  of  the  ox  and  the  i)ig  were  1  ving  in  ])lacer- 
on  the  floor  of  the  grave,  but  little  trace  of  human  hone  was  observt^l 
probably  the  body  had  become  completely  decayed. 

A  little  to  the  south-east  of  the  <rrave  wr»re  indications  of  >vh;i  t 
proved  to  be  a  slo])ing-sided  trench  r».\  feet  deep,  running  due  soutU 
but  owing  to  the  ground  i)eing  co\ered  with  building  material  we  went' 
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unable  to  follow  it.     In  the  soil-like  matter  filling  this  trench  were  bits 
of  animal  bone,  and  many  teeth  of  the  ox. 

On  June  29th,  the  workmen  while  lowering  the  ground  about  one 

foot,    within    the  foundations   of  the  new  church,  at  a  point  45 

feet  due  e^ist  of  the  relics  discovered  under  the  old  tower,  destroyed 

tlie  body  of  a  full-sized  person.    On  this  discovery  being  made  known 

we  examine<l  the  ground  beneath,  and  presently  found  a  few  burnt 

bones  of  a  young  person,  a  portion  of  which  the  workmen  had  also 

removed.     In  proceeding  downwards  through  the  forced  earth  of  the 

undisturbed  portion  of  the  barrow,  which  here  was  a  little  over  two 

feet  in  thickness,  and  for  the  most  part  of  clay  from  a  distance,  we 

picked  up  many  hand-struck  pieces  of  foreign  flint.     Under  the  clay 

came  the  natural  rubbly  chalk  surface,  which  to  the  practised  eye 

Reined  to  have  been  entered,  and  the  continued  use  of  the  pick  soon 

verified  this  surmise,  by  discovering  the  half  of  a  fine  large  diamond- 

shapM  arrow-head  of  black  flint,  wliich  from  its  fresh  appearance 

>ni«jht  have  been  made  yesterday.     As  we  proceeded  downwards  a 

little  clay  was  observed,  mixed  in  places  with  the  chalk  in  the  grave, 

»ind  at  a  depth  of  three  feet  into  the  rock  and   five  feet  below  the 

floor  of  tlie  old  church,  the  bottom  of  an  oval  grave  was  reached,  on 

which  rested  the  body  of  a  medium-sized  adult,  pi.  ix.,  fig.  10,  2. 

The  head  was  to  the  N.W.,  and  the  body  reposed  partly  on  the  back 

J^nd  partly  on  the  right  side  ;  the  right  arm  was  doubled  by  the  side, 

with  the  hand  on  the  neck  and  left  shoulder  ;  whilst  the  left  arm  was 

bent  at  a  right  angle  with  hand  under  the  right  elbow.     The  thighs 

Were  straight  in  a  line  with  the  body,  and  the  legs  below  were  closely 

t>ent  back  at  the  knees,  with  the  feet  near  to,  and  partly  under,  the 

the  left  side  of  the  pelvis,  a  very  uncommon  position.     Flat  pieces  of 

^halk  were  piled  on  the  floor  of  the  grave  in  the  form  of  a  trough, 

J^nd  the  body  lay  therein.     Under  the  body,  but  mostly  al>out  the 

head  and  shoulders,  we  observed  dark  matter.     1  n  front  of  the  face 

stood  an  elegantly-shaped  food  vase,  pi.  x.,  5^  inch    high,  tast«- 

Mly  ornamented,  and  at  the  crown  of  the  head  were  three  small 

hand-struck  splinters  of  flint.     The  femur  measured   1 7  inches,  the 

^ibia  14  inches,  and  are  of  rather  slender  form. 

Again,  July  22nd,  1870,  the  workmen  in  excavating  for  the  erec- 
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tion  of  a  stove  iii  the  body  of  the  church,  noticed  an  accumalation  of 
burnt  wood  and  fraji^ents  of  pottery.    The  position  of  these  is 
shown  by  pi.  ix.,  fig.   10,  3,  and  were  in  a  line  with  and  ;i]>out 
midway  between  the  two  previous  discoveries.     After  an  examination 
of  that  position  not  disturbed  by  the  workmen,  we  were  able  to  make 
out  that  there  had  been  a  dome-slia])ed  cavity,  pi    ix.,  figs.  11,   1-2, 
(resembling  in  shape  and  about  twice  the  size  of  an  old-fasliioned 
beehive)  in  the  base  of  the  barrow  existing  under  the  floor  of  the 
church,  which  had  not  been  injured  by  any  previous  excavation,  llie 
bottom  of  this  mysterious  receptacle  reached  therubbly  chalk  surfiice 
beneath  the  clayey  earth  of  the  barrow  ;  and  its  sides  were  baked  and 
deeply  reddenwl  by  the  action  of  intense  heat.     We  also  obser^'ed 
remaining  portions  of  two  clayey-sided  flue-holes,  or  passages,  reach- 
ing about  18  inches  from  opposite  sides,  a  little  above  the  bottom  of 
the  dome-sliaped  structure,  in  a  westerly  and  an  easterly  direction. 
Within  each  entmnce,  at  a  point  shown  by  an  ",  was  what  looked 
like  the  greatly  decayed  point  of  an  oak  stake.     In  addition  to  the 
burnt  wood  and  fmgments  of  apparently  Romano-British  i)otter}'  it 
contained,  tliere  was  a  considerable  (quantity  of  a  vitreous  slag-like 
substtince  in  which  were  small  pieces  of  what  seemed  to  y>e  tnze<l 
bron/x? ;  and  the  action  of  intense  heat  was  everj^'here  \'isible  within 
No  trace  of  bone  wa>5  observed,  but  haxi  we  been  made  acquaintM 
with  this  find  previous  to  its  partial  destruction,  ])robably  something 
more  would  liave  been  discovered  to  elucidate  the  purjmse  it  hivi\ 
served,  which  most  probably  was  a  crematorium  or  a  sepulclii-i\\ 
intennent.      The   ^\Titer,   however,   thinks  tliat  only  fragment?^      «»i 
pottery  luid  been  (lei)osited  in  this  receptacle. 

These  fragments  represent  tliree  kinds  of  earthenware,  all  (ji  x  ite 
unlike  any  British  pottery  known  to  us,  being  much  superior,  bcttfi 
baked,  and  of  a  finer  and  somewhat  different  texture  :  and.  J^" 
previously  mentione<l,  are  probably  Romano-British.  Whatt*v«^r 
purpose  this  somewhat  oveu-formed  stmcture  liad  served,  it  seoin*''! 
quite  certain  from  its  intrusive  position  in  tlie  body  of  the  barr«>'^^'* 
and  the  kind  of  potter}'  it  contained,  that  its  formation  was  Ion.- 
after  the  raising  of  the  baiTOw,  but,  at  the  same  time,  anterior  to  *  "*■* 
building  of  the  first  cliurch. 
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tion  of  a  stove  in  the  body  of  the  church,  noticed  an  accumulation  of 
burnt  wood  and  fragments  of  pottery.  The  position  of  these  is 
shown  by  pi.  ix.,  fig.  10,  3,  and  were  in  a  line  with  and  about 
midway  between  the  two  previous  discoveries.  After  an  examination 
of  that  position  not  disturbed  by  the  workmen,  we  were  able  to  make 
out  that  there  had  been  a  dome-shaped  cavity,  pi  ix.,  figs.  11,  12, 
(resembling  in  shape  and  about  twice  the  size  of  an  old-fashioned 
beehive)  in  the  base  of  the  barrow  existing  under  the  floor  of  the 
church,  which  had  not  been  injured  by  any  previous  excavation.  The 
bottom  of  this  mysterious  receptacle  reached  the  rubbly  chalk  surface 
benesith  the  clayey  earth  of  the  barrow  ;  and  its  sides  were  baked  and 
deeply  reddened  by  the  action  of  intense  heat.  We  also  observed 
remaining  portions  of  two  clayey-sided  flue-holes,  or  passages,  reach- 
ing about  18  inches  from  opposite  sides,  a  little  above  the  bottom  of 
the  dome-shaped  structure,  in  a  westerly  and  an  easterly  direction. 
Within  eacli  entrance,  at  a  point  shown  l)y  an  ",  was  what  looke<l 
like  the  greatly  decayed  point  of  an  oak  stake.  In  luidition  to  the 
burnt  wood  and  fragments  of  apparently  Romano-British  jwtter}'  it 
contained,  there  wa,s  a  considerable  quantity  of  a  vitreous  slag-liki* 
substance  in  which  were  small  pieces  of  wliat  seemed  to  be  tuzod 
bronze  ;  and  the  action  of  intense  heat  was  everywhere  visible  within. 
Xo  trace  of  bone  was  observed,  but  had  we  been  made  acquainte<l 
with  this  find  previous  to  its  partial  destruction,  probably  something 
more  would  have  been  discovered  to  elucidate  the  pur])ose  it  hati 
served,  whicli  most  probably  was  a  crematorium  or  a  sepulchml 
interment.  Tlie  writer,  however,  thinks  that  only  fragments  n 
pottery  had  been  deposited  in  this  receptacle. 

These  fragments  represent  three  kinds  of  earthenware,  all   ipiit^ 
unlike  any  British  potter}^  known  to  us,  being  muoli  superior,  bette 
baked,  and  of  a  finer  and   somewhat  different   texture  :  ami,   a 
previously   mentioned,    are    probably    Romano-British.      Whatev 
purj>ose  this  somewhat  oven-fonned  stnicture  had  serve<l,  it  soomo 
quite  certain  from  its  intrusive  position  in  the  body  of  the  harrDu: 
and  the  kind  of  potter}^  it  contained,  that  its  formation   was  loi  " 
after  the  raising  of  the  ban-ow,  but,  at  the  siime  time,  anterior  to  tk 
building  of  the  first  church. 
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Besides  the  discoveries  made  within  the  foundations  of  the 
present  church,  remains  of  two  other  bodies,  seemingly  Anglo- 
Saxon,  were  discovered  while  excavating  for  a  drain  immediately 
contiguous  to  the  exterior  and  south  side  of  the  church.  One  was 
near  the  east  side  of  the  porch,  at  a  deptli  of  two  feet,  near  which 
was  a  small  Anglo-Saxon  bronze  buckle  ;  the  other  body  was  about 
the  same  depth,  and  near  the  east  end  of  the  church.  Not  far  from 
tliis  body,  but  seemingly  unconnected  with  it,  was  a  curious  little 
article  of  a  metal  resembling  bronze. 

Could  a  full  search  have  been  made  in  this  southern  position  of 
the  mound  most  likely  more  Anglo-Saxon  bodies  would  liave  been 
discovered,  giving  further  proof  that  this  British  barrow  had  been, 
like  many  others,  also  used  as  a  cemetery  by  the  Pagan-Saxons 
previous  to  tlie  erection  of  any  churcli  upon  it.  Therefore,  at  the 
introduction  of  Christianity,  this  ancient  mound  and  Pagan  grave- 
yard, tlien  a  sacred  spot,  was  cliosen  as  a  fitting  site  for  the  house  of 
ji  new  faith. 

No  historical  account  or  discovery  is  known  to  the  writer  to 
show  that  a  Cliristian  graveyard  luul  ever  been  connected  with  the 
church  at  Fimber.  The  present  burial  ground  was  licensed  in  1877, 
rt.ft€r  which,  on  December  18th,  1877,  the  first  interment  was  the 
roinains  of  Jolm  Cooj)er,  an  old  and  respected  inhabitant  of  Fimber, 
1*^  yefirs  of  age ;  and  on  June  15th,  1883,  tlie  writer's  mother. 
Hannah  Mc^rtimer,  who  wa.s  born  at  Fimber,  and  died  in  her  88th  year, 
wa^^  entombed  in  the  southern  edge  of  this  barrow,  on  which  the 
<^^Mirch  stands. 

Many  barrows  in  various  parts  of  England  are  in  immediate 
P^<^>ximity  to  a  cluirch,  but  few  are  known  to  have  been  the  site  of 
^hree  succee<ling  churclies,  and  tlie  burial  place  of  four  different 
**^tions  or  races  of  men,  viz.,  ancient  British,  Romano-British,  Anglo- 
^^^on,  and  the  present  English.  That  an  Anglo-Saxon  graveyard 
*^nee  existed  contiguous  to  this  barrow  seems  evident,  from  the  fact 
^''^^t  on  July  25th,  1863,  while  excavating  the  foundations  for  a 
^*^ttage  adjoinhig  the  Wesleyan  Chapel,  and  about  eighty  yards  S.E. 
^^  the  church,  the  remains  of  four  or  more  bodies  were  found.  They 
^ere  not  more  than  two  feet  from  the  surface  ;  and  some  of  them,  as 
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far  as  we  could  gather  from  the  workmen,  had  their  legs  more  or  less 
pulled  up.    They  were  accompanied  with  bit«  of  iron  and  fragments 
of  pottery,  most  of  which  were  destroyed  at  the  time.     A  few  of  the 
latter  are  possessed  by  the  writer,  and  they  seem  to  be  Anglo-Saxon. 
The  remains  of  these  iHxlies  were  put  into  a  bam,  and  afterwanls 
examined  by  the  late  Dr.  Clements  of  Wetwang,  who  pronounce*! 
them  t-o  belong  to  small  persons,  chiefly  females  and  juvenile^.    This 
discovery  pro<luced  a  considerable  amount  of  excitement  at  the  time 
among  the  villagers,  and  elicited  from  the  late  Mr.  S.  Broadley,  the 
owner  of  a  small  plot  of  ground  extending  from  the  Wesleyan  chai>eL 
t^wanls  the  church,  that  he  remembered  in  planting  the  apple  trees* 
in  his  garden,  and  at  other  times  when  having  to  dig  a  little  wa}-  intr- 
the  subsoil,  that  he  had  frefiuently  found  bones. 

Flint  arrow-heads  and  Roman  coins  have,  at  various  times,  heem 
found  in  digging  into  the  ground  contiguous  to  the  church  barro\w 
It  is  also  worthy  of  record  that  other  bodies  and  weapons  liav^^ 
at  various  times,  been  found  in  ])lace8  near  the  village.     I  remember 
being  greatly  impressed,  when  a  boy,  by  my  grandfather  bringiu^ 
home  the  under  jaws  belonging  to  bodies  which  had  been  exhunietl  ii, 
([uanying  chalk  to  repair  the  roads,  at  a  point  where  the  eiitrenWi- 
ments  are  cut  by  the  road  to  Sledmere,  about  /><K)  yards  eastwanL*! 
from  Fimber  Station  ;  and  an  old  labourer,  named  Lockwood,  xflu^ 
was  for  many  years  servant  with  my  grandfather,  remembered  human 
bones,  and  what  he  described  as  an  iron  sword,  having  been  foun*! 
many  ye.ars  since,  where  the  road  to  Malton  cuts  the  siune  entroiicli- 
ments   about  300  yar<ls  nortliwjirds  from   Finil>er  Station  :  whil-^t 
nearly  half  a  mile  to  the  S.S.R  of  Fimber  Station,  by  the  side  of  tli*-* 
road  from  Malton  to  Beverley,  which  is  on  the  n\\e  of  the  Roman  roa«^ 
between  these  two  places,  and  where  this  road  is  crossed  by  a  grt^e'*'* 
lane,  which,  we  believe,  is  also  the  site  of  a  Roman  road  from  Y<»i"^ 
to  Bridlington  and  on  to  Flamborough,  we,  durini,^  1S73  and  is?-* 
explored  a  portion  of  a  Roma  no- British  graveyard,  a  th»soriptinn   «  • 
which  1  may  give  at  some  future  time  as  a  suj)pl(Mnent  to  this  ]>ai>c  ^ 
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ON  THE  LARGER  BOULDERS  OF  FLAMBOROUGH  HEAD.    PARTS  IL  AND  UL 

BY  G.   W.    LAMPLUGH. 

The  object  of   this  paper  is  to  give  an  euumeration  of  the 
boulders  iu  the  Danes  Dyke  Valley,  and  on  the  shore  eastward  to 
South  Sea  Landing  ;  with  a  discussion  of  their  origin,  and  a  com- 
parison of  them  with  those  found  near  Withenisea. 

In  pursuance  of  an  investigation  into  the  nature  of  the  larger 
boulders  of  Flamborough  Head,  commenced  two  years  ago,  I  have 
examined  and  catalogued  those  which  lie  in  the  ravine  of  Danes 
Dy^lce,  and  also  those  on  the  shore  between  Danes  Dyke  and  South 
Se«.  Landing.  The  former  list  becomes  Part  II.  of  the  series  ;  the 
the  latter,  Part  III. 

'  PART   II.      THE   DANES  DYKE   RAVINE. 

The  cliff  sections  at  Danes  Dyke  show  that  at  this  part  of  the 
lieadland  there  existed  in  pre-glacial  times  a  deep  valley  in  the  chalk, 
which  was  afterwards  filled  in  and  obliterated  by  the  accumulations 
of  the  glacial  period.  It  has  since,  however,  been  partly  re-excavated 
^y  a  small  stream,  arising  from  the  surface  drainage,  which,  though  it 
i^ius  only  in  winter  and  stonuy  weather,  has  sufficed  to  cut  its  way  down 
through  the  easy-removable  infilling  of  clays  and  gravels,  to  the  old 
chalk-floor.  The  current  of  this  stream  is  only  strong  enough  to. carry 
the  lighter  stones,  so  tliat  a  residuum  of  larger  blocks  has  accumulated 
'D  Its  bed,  and  lie  there  perishing  slowly  under  the  weather. 

I  have  examined  these  boulders,  and,  after  rejecting  all  whose 
greatest  diameter  does  not  exceed  one  foot,  found  142  erratics  between 
*be  mouth  of  the  valley  and  the  Flamborough  and  Bridlington  high 
^^oad  where  tlie  valley  practically  terminates.  Doubtless  many  more 
%  hidden  under  the  gravel  which  in  places  cumbers  the  stream-bed, 
but  these  w^ere  all  that  were  visible  at  the  time  of  my  survey. 

The  chief  importance  of  the  list  is  that  there  is  in  this  case  no 
P^bability  of  the  boulders  having  been  much  disturbed  by  man,  as 
*be  banks  of  tlie  ravine  are  generally  steep  and  inaccessible  ;  and  we 
^*y,  therefore,  find  in  it  a  test  for  the  trustworthiness  of  the  list^s 
^Ottipiled  upon  the  shore. 
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The  classification  of  these  boulders  yields  tlie  following  result  :- 

2.   BOULDERS  IS   THE  DANES  DYKE  VALLEY. 

Per  oentnn 
25  Limestones,  undoubtedly  of  Carboniferous  age  •••         17'B 

5  Sandstones,  undoubtedly  of  Carboniferous  age  ...  3*5 
7  Limestones,  origin  unproved,  but  either  Magnesian 

or  Carboniferous               ...            ...  5*0 

31  Sandstones  and  Grits,  origin  unproved,  but  sus- 
pected to  be  Carboniferous              ...            ...  21*8 

2  Pebbly  quartzite  and  conglomerate  :  undoubtedly 

Primary  rocks    ...             ...             ...  1*4 

1  Limestone  derived  from  the  Lias        ...            ...  0*7 

62  Basaltic  rocks        ...             ...            ...             ..  43*7 

2  Fragmental  volcanic  rocks    ...  ...  ...  1*4 

2  Schistose  and  Metamorphic  rocks       ...  ...  1*4 

;>  Granitic  rocks        ..  ...  ..  ...  3*5 


142  1000 


Before  discussing  these  results,  I  will  give  the  details "  of  th( 
third  part  of  ray  paper. 

PAUT   III.      THE  SIIOUE   BETWEKN    DANES   DYKE   AND   THE 
FLAMBOROUGH   SOUTH   SEA   LANDING. 

In  this  case  the  list  is  a  direct  continuatiou  of  that  given  ii 
Part  I.,  and  nearly  all  the  boulders  observed  lay  upon  the  shor 
between  high  and  low  water-marks,  wliither  they  have  fallen  throng 
the  erosion  of  the  thick  capping  of  drift  which  overlies  the  cliffs  4 
chalk.  The  cartnien  have  comuienceil  their  niids  upon  them,  an 
will  in  time  remove  all  that  are  movable. 

My  list  contains  110  Boulders,  consisting  of  the  foUowin 
rocks : — 

3.      BOULDERS   BETWEEN    DANES   DYKE   AND   SOUTH   SEA   LANDING. 

per  cent. 

20  Limestones,  undoubtedly  of  Carboniferous  age  ...         18*2 
8  Sandstones  and  Grits,  undoubtedly  of  Carbon- 
iferous age         ...  ...  ...  ...  7*3 
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Percent. 

3  Limestones,  origin  unproved,  but  two  are  probably 

Carboniferous,  and  the  remaining  one  may  be 

Silurian  ...  ...  ...  ...  2*7 

25  Sandstones  and  Grits,  origin  unproved,  but  all 

excepting  one  are  suspected  to  be  Carboniferous. 

The  exception  may  be  Jurassic       ...  ...         227 

6  Quartzite,     conglomerates,    etc.,      undoubtedly 

Primary  ...  ...  ...  ...  5*5 

41  Basaltic  rocks        ...  ...  ...  ...         37*3 

4  Gneissic,  schistose  and  metamorphic  rocks         ...  3 '6 
3  Granitic  rocks       ...             ...             ...             ...  2*7 


_110  1000 

Notes. — When  compared  with  each  other  and  with  the  list 
Riven  in  Part  I.,  they  are  found  t<^  be  c^uite  consistent,  and  may,  I 
think,  be  taken  as  yielding  reliable  indications  of  the  proportion  of 
the  various  rocks  which  form  the  larger  boulders  contained  in  the 
drifts  in  this  locality.  The  only  important  variation  is  in  the  per- 
<^tintage  of  sandstones,  which  is  higher  on  the  shore  than  in  Danes 
I^yke  Valley,  while  that  of  the  basaltic  rocks  is  decidedly  lower  ; 
^^'^'IHicially  in  the  first  list,  and  this  may  be  very  readily  explained  by 
the  action  of  the  cartmen,  who  select  the  harder  rocks  for  "  road 
^'etal  "  but  reject  the  sandstones. 

The  most  striking  feature  of  the  lists  is  the  great  preponder- 
ance of  rocks  from  the  Carboniferous  and  the  all  but  total  absence 
^f  Jurassic  boulders  of  the  requisite  size.  Thus  out  of  the  328 
erratics  which  the  three  lists  contain  not  more  than  one  can  be 
identified  with  positive  certainty  as  Jurassic. 

It  must  be  remembered  however  that  this  refers  only  to  the 
^^^yer  boulders,  for  a  casual  inspection  of  the  smaller  stones  would 
^^ost  everywhere  reveal  many  Secondary  pebbles.  But,  in  my 
^Uef,  it  is  to  the  larger,  and  especially  to  the  angular  and  sub- 
^^gular  blocks,  that  we  should  look  for  evidence  as  to  the  actual 
^^gin  of  the  ice,  for  the  smaller  pebbles  may  never  have  been  fixed 
^^  the  mass  of  the  ice  at  all,  but  may  be  merely  beach-pebbles  which 
^^   ice-sheet   has    worked    into    its    basal-moraine    as    it  \vivss<iv\. 
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aloug  over  the  sea-bed.  In  numerous  iustauces  we  have  direct  prout 
that  pebbles  liave  undergone  marine  erosion  previous  to  their 
glaciation. 

It  is  of  course  possible  tliat  some  of  the  undetermined  sand- 
stones may  have  come  from  the  Oolites,  but  this,  as  I  showed  in  my 
first  paper,  is  not  probable  when  we  consider  the  large  number  of 
recognizable  carboniferous  rocks,  and  compare  it  with  the  paucity  <>f 
recognizable  secondaries. 

This  overwhelming  preponderance  of  carbonifertms  and  oldur 
rocks  on  Flamborough  Head  is  more  or  less  a  local  peculiarity  due^ 
as  I  believe,  chiefly  to  the  height  and  steepness  of  the  unbroken  line 
of  cliffs  on  the  northern  face,  which,  existing  in  pre-glacial  times  _, 
much  as  at  present,  deflected  the  lower  layers  of  the  ice-slieet,  anr 
allowed  only  the  higher  portion  to  pass  over  the  cliff.     This  viei 
has  been  strongly  impressed  upon  me  by  the  detailed  e.xaminatioi 
which  I  have  recently  made  of  the  drifts  of  the  whole  headland,  bii 
it  is  beyond  the  scope  of  this  present  paper  to  discuss  the  iiiatt< 
further. 

With  the  object  of  proving  among  other  tilings  whether  lo(^  ^^/ 
difl'erences  in  the  distribution  of  the  boulders  could  be  detected  %->v 
the  means  a(h)i)ted,  1  selected  a  spot  on  the   Iloldeniess  cojvst   nc^  ixr 
Tuustiill,  between  Hornsea  and  Withernseu,  about  thirty  miles  soi*.  t:  li 
of  Flamborough,  where  erratics  had  accumulated  in  great  numbers     «ii 
the  shore,  and  there,  without  specially  particularizing  them,  1  count  o</ 
and  examined  ;3()0  boulders  which  lay  within  a  given  areii,  all  o  ^vor 
one  foot  in  diameter,  and  obtained  the  following  results  :  — 

4.       BOULDERS   AT   TUNSTALL   NEAR   WITIIERNSEA. 

Per  oenti^"*- 
114  Limestones,  undoubtedly  Carboniferous  ...         22*8 

78  Sandstones  and  Grits,  probably  all,  or  nearly  all 

Carboniferous     ...  ...  ...         15*(> 

78  Limestones,    undoubtedly  Jurassic,  chiefly  from 

the  Middle  and  Lower  Lias  ...  ...         ir)*(> 

25  Septarian   Clay-limestone   nodules,   probably  all 

from  Secondary  clays,  chiefly  Kimeridge  ...  o(> 

7  White  Chalk  ...  ...  ...  ...  1*4 
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Per  centam. 
4  Qartzite  and  cougloiuerates,  undoubtedly  Primary  0*8 

187  Basaltic  rocks        ...  ...  ...  ...         37'4 

3  Gneissic  and  schistose  rocks  ...  .  0*6 

4  Granitic  rocks  ..  ...  ...  0'8 


500  100- 


By  combining  the  three  Flamborough  Head  lists  we  obtain  a 
t4)tal  of  328  Boulders,  which  tiirnish  sufficient  grounds  for  comparison 
with  the  500  from  l\install.     The  following  table  contains  the  con- 
ileiised  residts  of  this  comparison,  and  reveals  an  interesting  differ- 
ence in  the  charticter  of  the  two  lists  :  — 

5.     comparative  table. 

Flamborough  TnnBtall. 

Head. 
Per  cent  Per  cent. 

Carboniferous    Limestones,    including 

the  "  (loubtfur  blocks    ...  ...         20*0  22-8 

Sandst4>nes  and  Grits,  supposed  to  be 

Carboniferous    ... 
Secondary  llocks  ... 
Basaltic  and  other  Eruptive  rocks 
Gneiss,  schist,  granite,  etc.... 


39-0 

14-4 

0-3 

221 

340 

37-4 

6-7 

3-4 

K)00 

1000 

This  table  shows  at  a  glance  that  the  Holderness  boulders, 
^ixile  essentially  agreeing  with  those  of  Flamborough,  differ  from 
^ueui  in  the  presence  of  a  considerable  proportion  of  secondary 
^<^cks.  The  fa<:t  that  the  former  locality  lies  further  within  the  area 
^overe<l  by  Secondary  strata  has  no  doubt  something  to  do  with  this 
^Hfference,  but  is  not  in  itself  a  sufficient  explanation,  since  there  is 
*^^  known  border  to  the  rocks  of  this  age  at  a  less  distance  than  sixty 
^Uiles  from  Flamborough  Head,  a  distance  surely  nfore  than  sufficient 
*^r  the  Secondary  erratics  to  establish  themselves.  I  think  that  the 
^^in  cause  of  the  difference  is  ^is  already  indicated,  that  the  lower 
^yers  of  the  ice  which  carried  the  secondaries  w^ere  deflected  eastward 
^^d  southward  by  the  high  cliffs  of  the  headland.  Further  researches 
^ow  being  carried  on  will  no  doubt  elucidate  this  point. 
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Lest  it  should  be  thought  that  I  have  entered  upou  these 
generalizations  at  too  early  a  stage  of  the  investigation,  and  without 
sufficient  basis,  I  may  add  that  a  preliminary  survey  of  the  boulders 
which  will  go  to  form  my  fiiture  lists,  especially  of  the  very  lai^ge 
number  which  lie  upon  the  shore  a  little  to  the  southward  of  the 
Lighthouse,  lias  shown  me  tliat  I  shall  not  find  any  radical  or  im- 
portant cliaiige  in  the  nature  of  the  rocks  yet  to  be  collated. 

In  the  appendix  will  be  found  detailed  notes  of  Uiose  boulders 
which  merit  especial  attention  because  of  tlieir  composition  or  their 
large  size.  The  less  important  ones  it  is  unnecessary  to  particularize. 
It  nuist  be  remembered  however  that  as  my  knowledge  of  igneous 
rocks  is  very  imi)erfect,  the  terms  I  liave  used  in  describing  such 
rocks  are  to  be  received  with  caution. 

Appendix  to  Part  II. 

THE  MOKE  IMPORTANT  BOULDERS  IN  DANES  DYKE  VALLEY. 

The  pre  Jived  number  indicates  the  ordi  mil  position  of  the  boulder 
in  t/ie  uritjinalfull  list.  The  sign  +  placed  after  a  mensurenunt 
shows  that  it  has  been  impossible  to  determine   the  full  size  of  the 

block,     A II  dimensions  in  inches. 

No. 

10.  Position :  In  the  stre^uii-bed  above  the  lowest  bend.  JJescri/t- 
tion  :  Liglit-coloured  close-grained  gritty  limestone  with  in- 
deteniiinable  fossils.  Atje:  Probably  Carboniferous.  ^Sizt- 
andshajye:  Irregular  cube.     26  x  19  x  13  inches. 

14.  A  few  yards  above  10,  in  the  stream  bed  :  Brccciated  limestijne 
with  encriiiites,  much  weathered.  Caiboniferous.  Irregular 
cube.    40  X  34  x  25  inches. 

22.  Ill  the  stream-bed  above  14.  Limestone  with  encrinites.  Car- 
boniferous.    Rude  rhomb.     34  x  19  x  12. 

46.  Twenty  yards  below  the  bridge.      Mica-scliist  with   quartz, 

13  X  12  X  G. 

47.  Near    46.      Coarsely-crystiilliiie     red     granite     {not     Sliap.) 

12  X  10  X  9  +. 
52.  In  the  stream-bed  above  the  bridge.     Dark  fine-grained  Risalt. 
Flat  glaciated  surface  alone  visible.     24  x,  19  + 
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69.  Beyond  tlie  next  bend.  Coarse-grained  Basaltic  rock.  Rudely 
oval,  with  blunted  angles.     31  x  18  x  21  x. 

79.  Above  69  in  the  stream-bed.  Fine  whitish  sandstone  :  Age 
unknown.     Rhomboid.     29  x  21  x   15. 

94.  In  the  stream-bed  below  the  tributary.     Hard  porphyritic  rock 

with  acieular  crystals,  puqJe  with  a  pinkish  surface. 
Felstone?    Rounded  oblong.     16  x  9  x  9. 

95.  Close  to  94.     Coarse  dark  Basalt.     Angular  cube  with  worn 

faces.     24  x  21  x  15. 
112.  In  the  bank,  about  1 00  yards  below  the  high  roa<l.     Volcanic 
breccia  of  striking  appearance  ;  angular  fragments  enclosed 
in  a  deep  bhie  matrix.     Rude  spheroid.     Just  under  12 
inches  in  diameter. 
131.  Nearer  the  road.     Pale  gieyish  granite  rock.     Flat  and  well 

glaciated.     13  x  10  x  6. 
136.  Near  131,  in  the  left  bank.     Dark  red  sandstone,  with  obscure 
fossils,     probably     encrinites.       Carboniferous  ?      Oblong. 
27  X  19  X  9. 
141.  In  tlie  water-pool  near  the  road.     Fine-veineil  mass  of  greenish- 
grey  grit  or  conglomerate,  with  pebbles  ;   appears  slightly 
metamorphosed.     Primary. 
Note. — A  few  claystone  nodules  and  fragments  of  Lias-limestone 
were  observed,  but  with  one  exception  these  were  all  under  the  one- 
foot  limit.     There  were  also  a  few  pebbles  of  flint,  which  are  note- 
worthy, as  the  chalk  in  the  immediate  neighbourhood  has  no  flint. 

Appendix  to  Part  111. 

THE  more   important   BOULDBRiS   BETWEEN   DANES  DYKE  AND 

SOUTH   SEA  LANDING. 

2.  Opposite  Danes  Dyke,  at  half-tide.      Crystalline   Limestone 

with  obscure  fossils.  Carboniferous.  Irregularly  oblong. 
48  inches  x  25  x  18  +. 

3.  A  little  further  east,  nearer  the  cliff".     Fine-grained  pale-yellow 

sandstone,  origin  unknown.  Rhomboid  with  worn  angles. 
26  X  25  X  20.  (Several  others,  nearly  as  large,  of  the 
same  rock,  between  Danes  Dyke  and  the  first  headland. 
Nos.  5  to  14). 
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15.  Near  the  cliff,  slightly  westward  of  Hartendale  Gutter.  Peculiar 
fine-grained  soft  slaty-green  claystone  (?)  with  small  crystals 
of  pyrites,  interlaced  with  quartz-veins.  Primary,  probably 
Silurian.     Rude  oval.     36  x  34  x  24  + . 

17.  Beyond  Hartendale.  Soft  reddish  sandstone  witli  fossils. 
Carboniferous.  15  x  13  x  9. 
Note. — I  was  inclined  to  regard  this  block  as  oolitic,  till  by 
breaking  it  I  found  casts  of  Spirifera  and  encrinital  .stems. 
This  has  liappened  to  me  so  often  in  examining  these  sand- 
stones (which  are  fret^uently  calciferous)  that  I  have  come 
to  look  upon  the  whole  as  Carboniferous. 

19.  Between  Hartendale  and  Beacon  Hill,  close  to  cliff.  Peculiar 
pale-red  speckled  calciferous  sedimentary  rock,  with  appear- 
ances like  fossils.   Silurian?  Uhomboidal.  20  x  17  x  12+. 

28.  Under  west  side  of  Beacon  Hill,  eight  yards  from  the  cliff.  A 
fjfrand  pear-shaped  mass  of  grey  granite,  coarsely  but  con- 
fusedly crystaUiue.     Well-roundeil.     64  inches  x  40  x  24. 

41.  Beyond  Be«acon  Hill,  rather  above  half-tide  level.      Pinkish 

gritty  limestone  with  fossils.    Carboniferous.    Rude  spheroid. 
52  X  40  X  36. 

42.  Neiir  41.     Dark  coarsely-ciystaUine  Basaltic  rock  (Diorite  ?) 

Irregular  spheroid.     24  x  19  x  17. 

44.  Near  41.  Greenish  gneiss  with  quartz-veins.  Oval  ;  worn. 
40  X  25  X  20. 

47.  Near  West  Nook.  Hard  close-grained  bedded  crystalline  rock 
((pini-tzit^  ?)     Rhomboidal.     31  x  24  x  22  + . 

51.  (Starting  afresh  from  Danes  Di/ke  at  low-water).  Below  half- 
tide  near  Danes  Dyke.  Dark  cpiai-tzite  /  Rudelj'-oval. 
50  X  36  X  30. 

56.  Below  half-tide,  just  beyond  Hartendale.  Close-grained  black 
Basalt.     Oblong.     54  x  30  x  33. 

61.  At  lialf-tide,  opposite  Beacon  Hill.  Coarse-grained  greenish- 
black  Basaltic  rock  (Diorite?)  with  glassy  crystals.  Rect- 
angular, with  Hat  sides.     36  x  33  x  23. 

70.  At  low- water  off  West  Nook,  (irt^enish  amygdaloidal  Basalt. 
Flattened  disc.     26  x  24  x  11. 
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88.  Off  Hart^ndale  at  dead  low-water.  Stratified  sandy  limestone. 
Probably  Carboniferous.  Oblong,  sub-angular.  Go  x  26  x  38. 
Note. — Many  large  blocks  may  be  seen  in  this  neighbourhood 
when  the  tide  is  very  low. 

98.  Near  88.  Coarsely-crystalline  greenish  rock.  Diorite  ?  Pear- 
shaped.     50  X  20  X  18. 

103.  At  dead  low-water  further  west.  Soft  sandy  limestone.  Probably 
Carboniferous.     Oblong.     70  x  36  x  22. 


some   notes   on   gold,   slate,    and  salt  mines  in   great   BRITAIN. 
BY   ARNOLD   LUPTON,    F.G.S.,   M.I.C.E.,  PROFESSOR  OF  MINING 
ENGINEERING   AT  THE   YORKSHIRE  COLLEGE. 

Coal-mining  is   undoubtedly  the   most    important    branch   of 

fining  industry  at  the  present  date.     This  was  not  always  the  case. 

Tlie  Book  of  Job  contains  some  account  of  mining  which  includes  no 

'"eference  to  coal-mining.     Indeed,  so  far  as  the  evidence  goes,  coal- 

*J^  i  iiiug  is  comparatively  modem,  and  it  is  only  within  the  la«t  r>00 

yonrs  that  any  need  of  the  use  of  coal  in  large  quantities  has  arisen. 

»V^cx)d  supplied  all  the  fuel  necessary  until  the  growth  of  the  large 

ci  t-.  J  of  London  and  the  increase  of  Ironworks;  and  doubtless  the  exten- 

^*«^ii  of  grazing  and  agriculture  in  England  rendered  wood  compara- 

ti  \rely  scarce,  and  induced  a  resort  to  the  mineral  fuel  which  is  now 

^^'nerally  preferred  to  wood,  even  in  places  where  timber  is  still 

P^^ntifiil.     Almost  every  other  kind  of  mining  is  ancient.     Copper 

*'^'^cl  tin  were  mined  in  earliest  ages,  of  which  we  have  written  or 

6*^j[^raved  history,  and  probably  long  prior  to  the  historical  period. 

***on  was  also  mined,  though,  it  is  believed,  not  till  a  later  date  than 

^^^pper  and  tin.     Gold  and  silver  mining  is  also  antecedent  to  the 

^^f  liest  records. 

Great  Britain  is  endowed  with  a  store  of  mineral  wealth,  which 

c^^braces  nearly  all  the  metals  and  minerals  for  which  the  earth  is 

«*^arche<l.    Some  notable  exceptions  there  are.  Quicksilver,  platinum, 

Aiamonds  and  other  precious  stones  and  petroleum  are  not  to  be 

found, but  there  is  gold,  silver, lead,  tin,  copper, zinc,  nickel, manganese, 

tttimony,  arsenic,  iron,  and  many  others.     The  non-metallic  minerals 
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also  abound,  fire>clay,  china-clay,  freestones,  slates,  salt,  sulphur,  in 
the  form  of  sulphides  of  iron,  copper  and  lead ;  coal,  cannel,  jet,  fluor- 
spar, gypsum,  marble,  limestones,  and  many  other  minerals  are  ready 
for  our  use.  Of  course  it  is  not  profitable  to  mine  any  metal  in  one 
country  if  it  can  be  got  at  less  cost  from  another,  unless  legal  restric- 
tions interfere  with  the  free  course  of  trade.  With  the  exception  of 
certain  periods  and  certain  articles  of  commerce  in  these  periods, 
England  haA  been,  on  the  whole,  a  iree-trading  country,  and  it  was 
one  of  the  chief  articles  in  the  instrument  known  as  Magna  Charta 
that  there  should  be  no  interference  with  trade  by  the  sovereign. 
There  is  no  country  (so  far  as  I  have  ever  read  or  heard)  which  has 
placed  restrictions  upon  the  importation  of  gold,  though,  exactl}',  why 
gold  should  be  admitted  free,  whilst  iron  and  corn  or  c(»j)per  and 
lead  were  taxed,  it  is  not  easy  to  understand.  Gold  has  many  uses, 
such  as  coinage,  stoppings  for  decaj'cd  teeth  and  oniamentation,  hut 
it  woidd  hardly  be  missed  if  it  wa>»  never  seen  in  comj^jirisnu  with 
the  loss  that  would  ensue  from  the  loss  of  iron,  copper,  tin,  lejid,  &c. 
Whatever  the  reason  may  be  gold  has  been  always  freely  import etl, 
and  hence  the  gold  mines  of  Great  Britain  (and  Ireland)  have  been 
neglected,  whilst  our  supplies  of  this  most  beautiful  and  lovely  metal 
have  been  drawn  from  countries  which  had  either  more  abundant 
stores  of  it,  or  less  of  other  mineral  wealth  or  manufacturing  industries 
to  engage  their  labour.  The  most  ancient  and  easy  manner  of  obtain- 
ing gr)ld  is  to  wash  the  sand  in  ancient  river  beils  that  contain  grains 
of  gold.  The  more  modern  method  is  to  crush  the  riK*k  in  whioli 
gold  exists.  Where  gold  is  got  by  mining  it  is  chiefly,  though  by  no 
means  exclusively,  found  in  quartz  veins,  where  it  exists  in  tiny 
grains  of  pure  goLl.  To  separate  it  from  the  quartz  it  is  necessary  to 
crush  the  rock  into  sand,  after  which  the  gold  grains  ma}'  l»e 
separated  from  the  sand.  This  process  of  obtaining  gold  is  more 
difficult  than  the  simple  gold-washing  process.  Firstly,  the  mine  is 
required  and  the  use  of  explosives  to  break  up  the  exceetlingly  banl 
rock,  then  the  costly  machinery  driven  by  water-power  or  steam- 
power  for  ])ulverizing  the  rook. 

The  chief  suppliers  of  gold  now  come  from  the  river- washings  and 
from  mines  in  quartz  reefs  in  Australia,  Siberia,  the  Kocky  ]iIoun- 
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tains,  Venezuela,  and  India,  though  there  are  other  formations,  such 
as  the  Mount  Morgan  crater  in  Queensland  and  the  Transvaal  con- 
glomerates, ])roduciug  extraordinary  quantities  of  gold. 

It  will  be  at  once  understood  that  the  success  of  the  operation 
of  mining  and  crushing  quartz  depends  to  a  great  extent  on  the  use 
of  machinery. 

With  rock  drills,  driven  by  compressed  air,  high  explosives,  steel- 
headed  stamps,  driven  by  water  or  steam  power,  the  cost  per  ton  of 
quartz  may  be  reduced  from  an  excessively  high  figure  such  as  it 
must  have  been  in  ancient  days  to  a  very  moderate  price,  say,  8s.  a 
ton,  as  may  be  to-day  in  a  modem  mine. 

There  is  no  country  in  the  world  where  mining  can  be  done 
more  cheaply  than  in  Great  Britain  ;  machinery  and  labour  are  both 
chciip  and  efficient ;  water-power  is  often  available  in  the  mountains, 
and  coal  is  everywhere  cheap.  Therefore  for  the  working  of  a  gold- 
mine it  is  only  necessary  to  ensure  success  that  there  should  be  a 
moderate  amount  of  gold. 

In  Australia  a  mine  will  pay  well  if  there  is  an  average  of  5  dwts. 
of  gold  per  ton  ;  if  we  say  a  dwt.  is  worth  .'^s.  4d.  this  will  give  a 
value  of  1 6s.  8d.  a  ton  to  the  quartz  ;  if  this  will  pay  in  Australia  a 
smaller  ])ercentage  of  gold  will  pay  in  England  or  Wales. 

A  good  deal  of  excitement  and  a  little  speculation  has  recently 

Resulted  from  the  opening  of  a  gold  mine  by  Mr.  Pritchard  Morgan 

in  Wales.     It  has  always  been  known  that  gold  existed  in  Wales,  and 

A'old  was  got  there  in  ancient  days  both  before  and  during  the  time 

**/*  the  Romans,  and  since  then  at  various  periods  ;  and  during  the 

^^st  80  years  some  mines  have  been  worked  with  varying  success. 

^^iie  mine  has  produced  £40,000  worth  of  gold  in  all  during  a  period 

^^  18  years.     In  the  district  near  Dolgelly  gold  has  been  worked,  and 

^We  mines  are  known  to  some  intelligent  miners. 

Since  Mr.  Morgan  took  it  up,  a  level  has  been  driven  into  the 

■^ill-side  to  cut  a  quartz  vein,  and  is  being  driven  forward  to  cut  other 

^^ins.     (PL  xi.   fig.  1).     In  the   first  vein   a  level  has  been  driven, 

^^iil  a  small  working  opened  in  the  vein.     (September,  1888).     The 

^^in  has  here  a  width  of   20  feet ;  it  dips  north  at  an  angle  of 

*^l>out  67°;  the  "hanging  wall"  is  slate  rock  and  the  "foot  wall"  is  trap 
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rock ;  near  to  the  foot  wall  the  vein  contains  iron  ore,  iron  pyrites, 
blende,  and  some  other  metals,  and  also  grains  of  gold ;  in  some 
places  the  gold  is  visible  in  the  iron  ore,  in  others  tiny  specks  may 
be  seen  in  the  quartz  ;  in  the  place  where  most  of  the  ore  is  got  they 
are  getting  a  width  of  10  feet ;  some  of  the  ore  is  very  rich,  contain- 
ing at  the  nite  of  several  hundred  ounces  of  gold  per  ton  ;  the  whole 
is  said  to  contain  on  the  average  two  to  three  ounc^  of  gold  per  ton : 
the  greater  portion  is  said  to  contain  12  dwts.,  or  say,  408.  worth  of 
gold  per  ton.  It  will  be  evident  that  if  the  mine  continues  to  pro- 
duce quartz  of  this  quality  that  it  will  reimburse  the  capitalists  for 
the  outlay  thej'  have  made. 

But  of  course  it  must  be  expected  that  the  vein  will  varj-  in 
width  and  richness.  The  mine  is  situated  in  a  mountain  si<le 
several  hundred  feet  above  a  river,  and  a  ste^m-engine  is  used  to 
work  an  inclined  tramway  to  the  mine  ;  another  steam-en jrine  i^^ 
beinj;  erect eil  to  work  one  of  Sturgeon's  air-compressors  intended  to 
drive  Ingersoll  Rock  Drills.  In  Septemf^er,  1888,  about  40  miners 
were  employed.  The  quartz  is  taken  to  the  stamps  which  are  situated 
by  tlie  river  at  a  waterfall,  which  works  a  40  feet  wheel,  three  sets  of 
stamps,  five  heads  in  each  ;  these  stamps  will  crush  alxiut  30  tons  of 
([iiartz  in  24  hours.  All  the  rock  has  to  be  crushed  until  it  will  pa:^-* 
through  a  wire  guage  of  thirty  meshes  to  the  inch,  which  is  rather 
finer  than  a  safety  lamp  gauze  ;  a  stream  of  water  passes  through  the 
stamps  and  carries  the  sand  through  the  gauze  over  copper  j>late< 
which  have  been  covered  with  quicksilver  :  quicksilver  has  the  ])ro- 
perty  of  amalgamating  with  gold,  so  that  the  gold  is  caught  whilst 
the  sand  is  washed  awav. 

When  the  copper  plates  have  received  a  sufficient  coating  of 
auriferous  amalgam  it  is  rubbed  of^\  and  the  amalgjim  is  squeezed  in 
bags  to  drain  out  the  nncoiubined  mercury ;  the  goM  amalgam  i^ 
then  put  into  a  «»ast-iron  retort  and  heated  till  all  the  mercury  hn«5 
been  evaporated,  and  the  mercuiy  is  saved  by  passing  through  a  con- 
denser and  used  over  again  ;  the  gold,  which  remains  in  a  spongy 
state,  is  melted  in  a  plumbago  cnicible  and  cast  into  an  iron  ingo 
mould. 

At  the  Morgan  mine  I  was  infonned  that  95  per  cent  of  tin 
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gold  in  tlie  quartz  was  obtained,  the  remaining  5  per  cent,  being  lost. 
Such  a  result  is  very  good.  It  is  not  the  intention  to  eiq)ress  any 
opinion  as  to  the  future  prospects  of  any  particular  mine,  but  it  may 
be  pointed  out  that  the  rules  that  govern  success  are  simple,  and  are 
as  follows  : — 

1st.  The  vein  must  contain  on  the  average  a  suificieut  quantity 
of  gold  to  repay  the  cost  of  working,  including  interest  on  the  neces? 
sary  capital.  The  necessary  capital,  it  must  be  remembered,  does 
not  include  the  large  sums  sometimes  paid  in  purchase  of  future 
profits. 

2ud.  When  a  rich  pocket  is  worked  a  good  share  of  the  profits 
should  be  set  aside  and  applied  to  the  development  of  the  mine, 
otherwise  the  enterprise  will  collapse  as  soon  as  unprofitable  ground 
is  encountered,  which  is  sure  to  happen  sooner  or  later. 

3rd.  The  best  machinery  must  be  employed,  and  a  sufficiently 
large  out-put  of  quartz  rock  maintained  to  reduce  to  the  minimum 
the  cost  per  ton  of  the  necessary  fixed  expenses. 

4th,  Expensive  Loudon  offices  must  be  disi>ensed  with,  and 
^salaries  only  paid  for  competent  direction  on  the  spot.  If  these 
conditions  are  rigidly  observed,  the  mine  will  pay  well  if  the  vein 
contains  on  the  average  5  dwts.  of  goM  per  ton. 

In  ancient  days  the  value  of  gold  was  many  times  its  present 
price.  Five  hundred  years  ago,  in  England,  gold  was  worth  seven 
times  its  present  price,  and  tlierefore  otlier  things  being  ec[ual,  a  gold 
ii:iiue  would  then  be  very  profitable  which  would  now  be  ruinous  ; 
l>vit  other  tilings  are  not  equal,  the  invention  of  dynamite,  of  com- 
presi!ied  air  rock-drills,  of  improved  stamps  for  crushing  the  rocks,  of 
iiiiprt>ved  concentrators,  the  greater  security  of  the  capitalist  in  the 
present  stable  order  of  society,  and  periiaps  a  lower  rate  of  wages)  all 
^iid  to  counteract  the  present  cheapness  of  gold  as  compared  with 
**^'e  hundred  years  ago. 

The  method  of  mining  for  gold  a«  found  in  qiuirtz  veins  is  similar 
^^  that  used  for  other  minerals  found  at  a  steep  angle,  and  is  a  kind 
^'  pillar  and  stall.  First  the  vein  is  cut  by  a  cross  measure  drift, 
^®^t  levels  are  driven  in  the  vein,  and  cross-cuts  are  driven  up  and 
*^*^^*^i,  afterwards  the  pillars  of  better  ([uality  are  worked  out,  leaving 
**^Pport8  for  the  main  roads  and  shafts.  | 
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The  gold  of  North  Wales  is  found  iu  veins  traversing  the  slai 
rocks  of  the  Lower  Silurian  system,  and  parallel  to  intrusive  beds  < 
veins  of  trap  or  greenstone. 

These  same  beds  of  Silurian  slate  are  found  t^n  miles  to  tl 
northward,  and  are  traversed  by  similar  veins  of  greenstone,  and  he 
at  Ffestiniog  it  is  not  the  intrusive  vein  that  is  valuable  but  the  sla 
rock  itself,  which  is  capable  of  being  split  up  into  most  valuable  an 
perfect  slates.     The  most  valuable  bed  of  slate,  called  the  **  O 
Vein,"  lies  at  an  angle  of  23''  and  dips  under  a  mountiiin,  where  it 
mined   on    the    Pillar   and  Stall  system.      In  one   of  these  sla 
mines  there  are  twenty  miles  of  underground  roads.     The  roof 
standing  on  the  pillars  all  over,  and  no  attempt  has  been  made  i 
remove  the  pillars,  nor  will  be  made  for  generations  yet  to  come, 
ever.     In  this  respect  a  slat<j  liiine  differs  from  an  ordinary  coal  min 
where  the  pillars  are  worked  out  soon  after  they  have  been  formed. 

The  slate  vein  (it  is  called  a  vein,  though  it  is  reall}'  a  stratiti^ 
rock)  is  reached  by  levels  driven  into  the  mountain  side  and  by 
inclined  road,  up  which  the  slate  trucks  arc  drawn   from   tlic  low 
part  of  the  mine  by  a  steam-engine.     Right  an<l  left  ot*  the   inrl 
levels  are  driven   in  the  slate:  the   levels  are  about   twentv  Vi 
apart  in  a  vertical  line. 

The  vein  is  4G  yards  thiek  :  the  levels  are  driven  about   s 
feet  high,  in  the  top  of  the  vein  ;  the  roof  is  niarke<l  by  a  partii 
white  clay,  called  a  clay  slant.     The  levels  are  connected   by  c 
heads  everv  twenty-three  yards  ;  these  cross-heads  are  all   i' 
same  straight  line  from  rise  to  dip,  and  make  a  .series  of  ])aral] 
clines.     The  cross-heads  are  widened  out  from  the  level  to  a  w 
4')  feet,  leaving  ])illars  24  feet  wide  :  the  stalls  or  breasts  are 
from  the  level  towards  the  rise,  the  clay  slant  forming  the  ro- 
floor  of  the  working  place  is  carried  level  till  it   reaches  the 
the  vein  (fig.  2).     As  a  breast  is  carried  uj)  from  a  lower  levc 
away  the  rock  forming  the  level   above,   and  therefore   if  th 
level  is  to  be  maintained  as  a  road  it  is   necessary   t<»   put 
bridge  over  the  working,  or  else  move  the  level  more   to   tli 
which  can  easily  be  done  by  driving  through  the  pillars. 

When  beginning  a  breast  it  is  easy  to  examine  the   ro( 
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the  breast  advances  it  is  not  easy  to  repeat  the  examination  of  a  roof 
10,  20,  30,  or  40  yards  over-head.  The  slate-rock,  however,  is  very 
.sound  and  safe,  and  it  very  rarely  happens  that  any  pieces  fall.  One 
manager  has  con tri veil  an  apparatus  for  sounding  the  roof,  consisting 
of  »  small  hammer,  fixed  on  a  pin  at  the  end  of  a  long  pole  or  gas- 
pipe,  and  by  means  of  a  rod  the  hammer  is  made  to  hit  the  roof  and 
S4>  test  its  security  by  the  sound.  The  mines  are  lighted  with 
candles,  which  are  the  best  kind  of  light  yet  invented  for  the  use  of 
tho  rock  men  and  miners,  as  they  can  be  placed  exactly  where 
rocj^iiired. 

The  slate  is  got  by  blasting  and  wedging.  It  must  be  understood 
tlin.t  to  get  slate  as  in  getting  any  other  solid  substance  it  is  neces- 
sary to  have  three  lines  of  fracture  before  a  single  piece  can  be  sepa- 
nit^jd  from  the  mass. 

In  getting  a  lump  of  coal  the  three  lines  of  fracture  are  : 

(1)  The  line  of  stratification  where  the  coal  joins  the  roof. 

(2)  The  line  artificially  made  by  cutting  through  the  fast  end. 

(3)  The  line  of  cleavage  called  the  face. 

By  these  three  lines  of  fracture,  rectangular  blocks  of  coal  are  got. 

In  a  slate  mine  all  tlu-ee  lines  of  fracture  are  natural,  and  sepa- 
fi^t  ion  takes  place  upon  the  application  of  pressure.  These  lines  are 
^**  follows  :  figs.  3  and  4. 

(1)  The  cleavage  or  split  of  the  slate.  At  Ffestiniog  the  plane 
of  oleavage  dips  at  an  angle  of  about  12''  towards  the  plane  of  stratifi- 
cation. 

(2)  Tlie  **  pillaring"  fracture  which  is  a  plane  of  cleavage 
^'^rtical  to  the  split,  but  in  the  same  direction.  • 

(3)  The  joints  which  are  irregular  planes  of  natural  fractures 
^^versing  the  slate  rocks  at  right  angles  to,  and  vertical  to,  the 
plane  of  cleavage. 

In  working  the  slate  the  sides  of  the  breasts  or  pillars  are  made 

Parallel   to  the  plane  of  '*  pillaring*'  fnicturc.      A  loose  end  once 

^a^le,  fresh  blocks  of  slato  are  separated  by  bhisting  ;  the  drill-hole 

^s  about  vertical  to  the  cleavage,  and  causes  the  slate  to  crack  along 

.        the  pillaring  line  through  the  centre  of  the  drill-hole,  tlie  length  of 

I       this  fracture  being  from  joint  to  joint,  and  the  depth  equal  to  the 
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depth  of  the  hole.  The  drill-hole  is  about  one  inch  diameter,  and 
nearly  filled  with  black  gunpowder,  in  appearance  something  li 
sporting  gunpowder  ;  a  very  little  tamping  is  lightly  rammed  on  t 
top.  The  effect  of  filling  the  hole  with  powder  is  to  produce 
simultaneous  pressure  from  top  to  bottom,  and  the  effect  of  gem 
tamping  is  to  diminish  the  violence  of  the  explosion.  Hard  tampi 
would  cause  a  violent  explosion  that  would  destroy  the  slate. 

In  some  mines  a  lower  bed  of  slate  is  worked  under  the  "  0 
vein."  This  is  separated  by  a  layer  of  silicious  rock,  called  che 
about  two  yards  thick  ;  this  chert  is  the  floor  of  the  "  old*'  vein  ai 
the  roof  of  the  "  new"  vein  ;  the  vein  is  about  26  yards  thick,  ai 
the  pillars  are  left  in  it  exactly  below  the  pillars  in  the  old  vein. 

It  has  happened  in  at  least  one  large  mine  that  the  pillars  ha 
been  left  too  small,  with  the  result  that  they  have  suddenly  fall 
anil  all  the  ground  above,  letting  down  millions  of  tons  of  rock,  ai 
doing  great  injury  to  the  mine.     This  incident  of  course  has  ma 
])arallels  in  the  annals  of  coal-mining.      Up  to  the  present  time  si 
mining  has  beon  of  far  more  importance  to  Wales  than  gold-mini! 
the  annual  value  of  the  slates  produced  at  the  mines  and  quai 
of  Wales  exceeds  one  million  sterling. 

When  the  slate  is  sent  to  the  surface  it  is  cut  and  split 
lumps  of  convenient  sise,  and  then  it  is  put  on  a  saw-bench  am 
by  a  circular  saw  so  as  to  give  it  a  smooth  end,  when  a  chisel  c 
introduced  to  split  it  :  the  sj)litting  is  all  done  by  hand  with  a 
and  hannner  ;  the  slates  when  split  are  cut  by  a  revolving  k^ 
the  correct  size  and  sha])e.     The  slates  must  be  split  as  soon  v 
reach  the  bank,  because  if  allowed  time  to  dry  they  are  not 
split.     One  of  the  most  remarkable  conditions  of  slate-mining 
innnense  ])roportion  of  waste  material  ;  it  is  common  to  tind 
100  tons  of  slate  rock  only  iive  to  ten  tons  are  actually  m 
slates,  the  rest  is  all  tipped  into  the  wjiste  heap.     This  is  tl 
of  the  costly  nature  of  slate-mining,  because  the  cost  of  ge 
ton  has  to  be  multiplied  b}'  twelve  in  order  to  tind  the  c« 
slates  sent  t(»  market  :  the  mine  or  ([uarry  has  to  be  twelv' 
large  as  the  space  re([uired  for  the  finished  slates;  and  enor 
heai)s  nnist  be  formed,  and  locomotives  provided,  to  carry 
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to  the  tip.  In  this  respect  a  slate-mine  resembles  more  a  Low  Moor 
ironstone  mine  than  a  coal-mine.  Many  of  the  most  extensive  slate 
quames  are  worked  as  open  holes,  fig.  5,  consequently  no  pillars  are 
required.  An  attempt  is  now  being  made  to  utilize  some  of  the 
slate  waste  by  crushing  it  to  powder,  and  forming  it  into  tiles  and 
other  kind  of  earthenware. 

Slate-<iuarrying  is  sometimes  very  profitable,  and  enormous 
fortunes  have  been  made  in  this  business  ;  but  competition  has  cut 
down  prices,  so  that  the  owners  of  the  best  quarries  have  to  be  con- 
tent with  moderate  gains,  whilst  the  quarryman  gains  by  increased 
emplo3anent,  and  the  public  by  greater  cheapness  of  a  very  useful 
article.     When  the  competition  of  producers  has  at  last  reduced  the 
price  of  any  article  to  a  minimum,  it  generally  occurs  to  those 
engaged  in  the  trade  to  endeavour  to  secure  an  increase  of  price  by 
limiting  the  production  ;  an  example  of  such  an  endeavour  has  been 
given  to  uS  in  the  salt  trade.    All  the  producers  of  salt  in  the  country 
have  combined  to  raise  the  price  and  limit  the  production,  a  line  of 
conduct  well  within   their  legal  and  moral  rights,  but  with  their 
success  in  this  combination  we  shall  not  rejoice,  nor  shall  we  sorrow 
with  their  failure.     Nature,  who  has  lavished  on  this   island  her 
choicest  gifts,  in  a  variety  and  abundance  perhaps  unparalleled  else- 
where upon  this  earth,  has  endowed  us  with  immense  stores  of  rock 
8a.lt,  a  mineral  of  the  utmost  value,  and  essential  not  only  as  an 
article  of  diet  but  to  our  immense  chemical  works. 

The  old-established  sources  of  production   at  Northwich  and 
Droitwich  have  recently  been  supplemented  by  discoveries  of  salt  on 
tKe  banks  of  the  Tees  ;  these  discoveries  have  benefited  the  makers 
of  alkaU,  but  have  tended  to  lower  the  price  of  salt. 

Salt  at  Northwich  is  found  in  a  bed  lying  nearly  horizontal, 
iuterstratified  with  red  and  blue  marls  of  the  Keuper  series.  It  is 
reached  at  a  depth  of  50  yards,  and  the  bottom  of  the  salt  is  110 
yards  from  the  surface  ;  in  the  middle  is  ten  yards  of  shale,  fig.  6. 
The  top  ten  yards  used  to  be  worked,  leaving  pillars  t^n  yards  high 
to  support  the  roof,  but  these  workings  have  been  discontinued  ;  the 
®'d  hollows  are  filled  with  water,  which  becomes  brine  by  dissolving 
^^  Salt ;  this  brine  is  pumped  up  and  evaporated  in  great  pans,  two 
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tons  of  salt  beiDg  produced  by  burning  one  ton  of  coal.  By  con- 
tinually pumping  the  brine  the  salt  pillars  have  been  dissolved,  and 
the  roof  of  the  mineh&s  fallen  down  ten  yards,  and  great  holes  have 
been  maile  in  the  surface  :  in  Northwich  the  subsidence  of  the  sur- 
face has  caused  many  picturesque  arrangements  of  an  architectural 
kind,  and  in  some  of  the  houses  the  varying  inclination  of  floors 
makes  the  visitor  think  he  is  at  sea.  All  the  new  houses  are  now 
built  with  wooden  frames  filled  in  with  brick.  The  inhabitants  who 
depend  for  their  living  on  the  salt  industry  do  not  make  much  fuss 
about  the  subsidence  of  the  surface  here  and  there,  for,  paradoxical 
as  it  may  sound,  it  is  strictly  true  that  their  commercial  prosperity  is 
foniuhd  upon  the  abstractitm  of  their  foundations. 

Rock  salt  is  now  got  from  the  lowest  eight  yards  of  the  salt  beds, 
which  is  the  purest :  the  shafts  are  110  yards  deep.     The  salt  is  got 
in  one  mine  (the  Marston  nmie)  over  an  area  of  40  acres,  the  roof 
belli;,'  supported  by  pillars  VI  yanls  s<iuare  and  "Jo  yards  apart,   thus 
the  pillars  left  are  only  one-tenth  of  tho  total  area,  (fig.  7 .)    And  yet 
tlio  whole  40  acres  rests  upon  these  pillars  without  any  sign  ^}T 
cracking,  proving  at  once  the  hanlness  of  the  roof  and  Hoor  and  nk~ 
the  pillars,  every  sjpiare  inch  of  which   must  bear  a  pressure  o^F 
3,000  lbs.     It  may,  I  think,  be  siiid  that  there  is  no  example  of  s:^ 
coal-uiiiift  standing  ojien  on  pillars,  which  are  only  equal  to  ono-tenti  i 
of  the  total  area. 

The  salt  is  got  by  cutting  a  leading  stall  or  breast  about  7  fee^t 
hi^rlj  next  the  roof:  the  floor  is  then  got  by  blasting  as  requiivf.1; 
the  7  feet  wall  is  got  by  holing  or  under-cutting,  and  blastihs,'  it 
down  ;  the  blasting  is  ilone  with  gunpowder,  and  straws  fille^l  wi  t"li 
powder  for  fuses  :  the  Imling  is  done  with  a  pick  ;  but  in  one  mil  le 
at  least,  it  isdont}  by  cntting-niaehines  driven  by  conipresseil-air,  \vh  i<-"l 
cut  a  nick  2  feet  0  inches  under  the  salt.  One  of  these  machine*- 
will  hole  twenty-five  yards  in  a  <hift  of  eight  hours  ;  there  are  tlii'*^* 
machines  in  this  nn'ne.  When  coni])ressed-air  machines  are  useil  tli fi'» 
is  ventilation  caused  by  the  exhaust  air  ;  where  there  are  noniacliii^** 
there  is  no  method  r)f  ventilation.  There  are  two  shafts,  one  nl' 
cast  and  one  downcast,  but  there  is  no  separation  between  them,  ii«^* 
they  are  close  together.     It  is  surprising  that  with  blasting  going    *-^' 
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all  day  that  the  mine  should  be  pleasaut  and  seem  clear.  In  some 
mmes  the  shafts  are  only  4  feet  in  diameter ;  the  salt  is  drawn  in 
round  barrels.  The  red  marls  are  overlaid  with  boulder  clay  and  sand, 
and  the  shafts  are  tubbed  with  iron-tubes  through  the  sand.  The 
salt  mines  are  perfectly  dry. 

To  describe  the  process  of  preparing  rock  salt  for  the  market  and 

evaporating  brine  would  unduly  lengthen  this  paper  :  and  therefore, 

in  conclusion,  attention  is  called  to  the  statistics  of.  minerals  taken 

from  the  government  returns  given  in  the  appendix.     The  minerals 

tiierein-named  are  found  abounding  in  this  country,  in  scenes  which 

but  for  them  would  be  tlie  untroubled  domain  of  the  shepherd  and 

tilt*  ])loughmau  ;  they  are  treasures  that  for  countless  ages  have  been 

hi<lden.  held  fiist  within  the  earth  and  trebly  locked;  for  nature's 

looks  cannot  be  picked,  they  yield  indeed  only  to  three  keys,  which 

hax^'e  been  named  industry,  knowledge,  and  enterprise  ;  with  these 

(I live  the  "  open  sesame'*  of  the  fair}"^  tale)  the  subterranean  gates  fly 

open,  and  through  those  portals  we  can  pass,  indeed  have  passed, 

like  Proserpine,  or  like  the  hero  of  Arabian  Tal6s,  and  reach  to  wealth, 

ami  ill  the  products  of  that  wealth  to  active  enjoyment  and  know- 

Iwlge  of  tlie  world,  exceeding  by  far  all  the  records  of  history,  and 

casting  into  greater  obscurity  alike  the  fabled  palace  of  Plutus  and 

the  caves  of  an  Eastern  fancy. 


APPENDIX. 
MINERAL   PRODUCE   OF  THE   UNITED   KINGDOM,    1887. 


f  um,  Clay  (Bauxite) 
-Aium,  Shale  .. 

^'"enical  Pjrites 

2*^rte8 

°og^  Iron  Ore 

J^**yB  (excepting  ordinary 

^^t  and  Nickel  Ore 
JC^Pper  Ore 
Jjpper  Precipitate     ... 
*luor  Spar 
gola  Ore 

**«xi  Ore 


clay) 


•  •• 

•  •• 


Weight 

Tone. 

4,1G0 

2,686 

4,G18 

4,364 

24,813 

«.),273 

2,413,6^3 

162,119,812 

154 

i),079 

280 

283 

...  cwt.  \7'i 

120,783 

13,008,041 


Value 

£ 

1,040 

323 

32,458 

8,205 

26,619 

4,636 

590,412 

39,092,830 

900 

20,982 

3.075 

385 

209 

48,293 

3,235,356 
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MINERAL  PRODUCE  OF  THE  UNITED  ] 

KINGDOM,   1887 

. — Continued. 

Weight 

Value 

Tons. 

£ 

Iron  PyriteB 

•22,079 

12,682 

f§^SV                                  •••                           *••                           •«•                          ***] 

Iba.           1,448 

289 

XiO&fil  vFO                              •••                 «••                 ••• 

51,563 

429,137 

Ligpute 

1,764 

793 

Manganese  Ore 

18,777 

11,110 

Ochre,  Umber,  Sco. 

8,293 

:                   15,789 

Oil,  Shale 

1,411,378 

355,085 

Petroleum 

66 

99 

Phoephate of  Lime    ... 

9,894 

15,830 

Salt  ( ]  80,000  tons  of  Book  Salt) 

2,193  951 

732,320 

Slates  and  6lab6 

464,334 

1,118,818 

Stone,  &a 

24,000,000* 

8,609,600 

Salphar  of  Strontia  ... 

15,169 

7,584 

Tin  Ore 

14,189 

878,831 

Tungstate  of  Soda     ... 

1 

24 

Wolfram 

54 

1.269 

Zinc  Ore 

Total  value 

25,445 

76,182 

206,043,905 

55,326,164 

*  Tonnage  estimated  by  author. 


FURTHER    NOTES   ON   THE    POLVZOA   l)F   THE   LOWER   GREENSAND,    AN  J 
THE   UPPER   U.REENSAND   OF   CAMBRIDGE.      PART   U." 
BY   (JEORGE    ROBERT   VINE. 

At  the  time  when  I  wrote  the  paper  on  the  Polyzoa  and  Fora"Ei 
nifera  of  the  Cambridge  GreeiL^and,  very  little  information  could     1 
gleaned  respecting  Polyzoa   from  the  horizons  of  the  Gault,  (.'linl 
Marl,  or  Hunstanton  Red  (^halk,  whilst  from  tlie  horizon  of  the  Can: 
bridge  Greensand  no  record  of  a  Polyzoan  fauna  existed.     Even  jis  i 
is,  much  of  our  knowledge  of  the  Cambridge  Greensand  Polyzoa  i- 
derived  from  the  study  of  forms  found  attached  to  foreign  boiiies,  or 
unattached  (free)  in  the  phosphate  beds  of  Cambridge.     As  already 
stated  in  the  tirst  paper  (p.  8),  the  fossils  sent  to  me  for  examination 
and  description,  were  the  property  of  Mr.  Thomas  Jesson,  F.G.S.,  -''^> 
in  the  present  case  the  additions  to  the  founa  of  the  Cambridge 
horizons  that  1  am  now  able  to  make,  1  owe  to  the  same  gentleiuai^^ 
careful  scrutiny  of  his  larger  fossils,  on  which  Polyzoan  encrustation-^ 
were  found.      In  addition   to   these  valuable  collections,  my  own 


*  Part  i.,  Proc.  Torksh.  Geol.  Soc.,  Vol.  ix.,  p.p.  1-16,  2  plates. 
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cabinet  has  been  gradually  enriched  by  additions  of  Cretaceous 
Polyzoa  from  foreign  horizons,  so  that  now  I  am  better  able  to  appre- 
ciate the  labours  of  Dr.  Goldfuss,  Hagenow,  aud  D'Orbigny,  whose 
delineations  of  Cretaceous  Bryozoa  deserve  our  highest  admiration. 
The  works  of  other  students,  such  as  Beissel,  Ileuss,  Roemer,  and 
Siraonowitsch  have  also  increased  my  knowledge  of  the  varied  forms 
of  the  wide-spread  Polyzoa  of  the  Cretaceous  epoch.    Sinc«  1885,  too, 
other  students  have  been  at  work  on  this  beautiful  group,  notably 
among  the  rest  Dr.  Pergens  of  Belgium,  who,   having  had  access  to 
D'Orbigny's  original  collection,  will  be  able  to  clear  up  many  difficult 
problems  respecting  the  minuter  work,  structural  features,  &c.,  of 
B'Orbigny.     Besides  this  Dr.  Pergens  has  been  actively  engaged  on 
the  correlation  and  distribution  of  Cretaceous  Bryozoa  in  the  'Tufeau 
de  Maestricht,"  '*  Limsten  de  Faxe,"  "  Crdtace  de  la  Scanie,"  and 
the  "  Cretace  de  la  Saxe  et  de  la  Boheme,"*  and  by  the  aid  of  these 
published  lists  the  palaeontologist  is  now  better  able  to  study  the 
lunges  of  the  commoner  forms  of  Cretaceous  Polyzoa ;  but,  because 
there  was  no  more  recent  list  than  that  of  Morris,  British  Lower  Cre- 
taceous species  have  been,  heretofore,  only   faintly  dealt  with.     For 
tHe  purpose  of  this  and  another  paper,  I  have  recently  re-examined 
tlxe  collection  of  Upper  and  Lower  Greeusand  Polyzoa  in  the  School 
of"  Mines.     Nearly  the  whole  of  these  are  named  in  the  cretaceous 
catalogue  of  that    Institution  (1878),  but  in  the   synoptical  table 
^vWch  will  precede  the  descriptive  matter  I  have  endeavoured  to  re- 
a-rrange  the  species,  as  far  as  I  am  able,  in  accord  with  the  Hincksian 
classification.     This  the  student  of  Fossil  Polyzoa  will  be  ready  to 
acknowledge  is  not  always  possible,  for  the  simple  reason  that,  though 
the  arrangement  of  the  Cheilostomata  is  to  a  large  extent  impregnable, 
the  arrangement  of  the  Cyclostomata  has  to  be  modified,  enlarged  or 
restricted,  according  to  the  age  and  the  horizon  of  the  fossils  dealt 
^th.    Henc<5  in  re-arranging  the  generic  names  in  the  published 
lists  of  Morris,  and  the  School  of  Mines  Catalogue,  I  have  made 
rrference  to  the  text  and  figures  of  D*Orbigny  before  doing  so.     In 
wmefew  instances  I  have  retained  D*Orbigny*s  generic  terms  for 
fPecial  groups. 

*  Sur  Tage  de  fa  partie  s'lperieuse  da  "Tuffean  de  Coply."    Biiuaelfl,  lS87. 
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In  this  pap?r.  therefore,  I  shall  confine  myself  to  the  Polyzoa  o: 
the  Upper  anJ  L">wer  Grdeiisand?  only.  I  do  this  for  two  reason? 
ThePolytTaof  theirtTilt.  L^wer  Chalk,  Red  Chalk,  and  Upper  Chall 
must  be  separai-ely  dealt  with,  as  new  material  is  constantly  coming 
to  hanl.  and  even  the  Poly&>a  of  Farringdon  and  Wanninster  woiilt" 
be  all  the  better  appreciated  if  rigidly  overhauled.  In  dealing  witl 
the  Cambridire  Greensand  species,  now  that  fairly  ample  material  hai 
been  place<.i  in  my  hands,  it  will  be  more  advantageous  as  a  palaiout^ 
logical  sketch  to  separately  classify,  especially  in  the  sraoptical  table 
the  Polyzai  dealt  with.  In  the  first  place  many  large  and  smal 
fossils,  belonging  undoubtedly  to  the  Greensand  of  Cambridge,  an 
encrusted  with  colonies  of  Poh"zoa,  siime  of  which  are  very  fine.  ) 
have  before  me  a  list,  twenty-four  examples  at  least,  sent  by  Mr. 
Jessou,  and  briefly  referred  to  in  my  first  paper  (p.  3).  Those  wil! 
now  constitute  true  Cambridjre  Greensand  species,  and  their  tabula- 
tion will  be  altogether  distinct.  The  second  group  of  Polyzoa  an 
derived  probably  from  erosion  or  ileuudation  of  rocks  of  the  ages  ol 
the  Cambridge  Greensauil  and  Lower  Chalk.  In  December,  1SS4 
Mr.  Jesson  wrote  me  as  follows  respecting  the  derivcil  forms.  **  A? 
to  the  exact  horizon  of  the  Polyzoa  from  Cambridge  I  think  it  is  quite 
impossible  to  say  anything  sufficiently  accurate  to  be  of  any  use. 
They  come  from  the  washings  of  the  phosphate  bed-*,  but  natural!} 
in  the  excavations  there  is  a  great  admixture  of  various  horizons.  I 
l>elieve  tlie  material  came  from  the  Coldhams'  Lane  Pits."  Thesi 
remarks  are  all  the  more  valuable,  because,  having  picked  from  th- 
fine  siftings  of  this  df^bn's  a  goodly  number  of  Foraminifera  and  Eiitc 
mostraca;"  belonging  eridently  to  various  cretaceous  horizons,  a  not: 
as  to  their  source  may  prevent  future  misunderstanding.  TI" 
Polyzoa  derived  from  these  washings  will  be  tabulatal  under  tk 
head  "  Phosphate  Beds." 

Sir  Charles  Lyellf  places  the  Chloritic  Series,  or   Upper  Grce- 
wind,  at  the  base  of  the  Clialk  Marl,  and  (tbovr  the  Gault.     This 
the  location  of  the  "  Cenomanien"  division  of  the  Cretaceous  Beils 
French  authors.     In  his  remarks  on  the  series,  Lyell  says,  "  Acccv  "m 

*  See  Part  iii.,  farther  on. 
t  Elemente,  p.  112  and  226,  ed.  1878. 
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ing  to  the  old  nomenclature  this  sub-division  of  the  Chalk  was  called 
Upper  Greensand  in  order  to  distinguish  it  from  members  of  the 
Neocomien,  or  Lower  Greensand  Series  below  the  Gault,  to  which  the 
name  of  Greensand  had  been  applied.  Besides  the  reasons  before 
given  (265)  for  abandoning  this  nomenclature,  it  is  objectionable  in 
this  instance  as  leading  the  uninitiated  to  suppose  that  the  divisions 
thus  named,  Upper  and  Lower  Greensand,  are  of  co-ordinate  value, 
instead  of  which  the  chloritic  sand  is  quite  a  subordinate  member  of 
the  Upper  Cretaceous  group  ;  and  the  term  greensand  has  very  com- 
monly been  used  for  the  whole  of  the  Lower  Cretaceous  Rocks,  which 
are  almost  comparable  in  importance  to  the  entire  Upper  Cretaceous 

Series The  phosphatic  bed  in  the  suburbs  of  Cambridge  must 

have  been  formed  partly  by  the  denudation  of  pre-existing  rocks  of 
cretaceous  age."* 

Mr.  A.  J.  Brownet  also  regards  the  Cambridge  Greensand  as  the 
base  of  the  Chalk  Marl,  it  having  been  formed  from  the  erosion  of 
the  Gault  by  marine  currents.  Where  the  Greensand  Bed  exists  the 
true  Upper  Greensand  is  absent,  and  the  Gault  is  incomplete.  Mr. 
Browne  also  traces  the  beds  through  Cambridge,  Bedfordshire,  and 
Buckinghamshire,  and  shows  that  in  passing  from  Cambridge  S.W. 
the  Upper  Gault  first  appears  near  Barton,  the  true  Upper  Greensand 
near  Tring.  Tlie  most  important  factor  in  this  paper,  in  a  palaeonto- 
logical  sense,  is  the  list  of  fossils.  These  the  author  divides  into 
two  groups  :  1st,  Those  proper  to  the  deposit ;  2nd,  Those  derived 
from  other  horizons.  The  number  of  invertebrate  species  is  254,  and 
208  or  210  of  these  are  said  to  be  derived,  consequently  about  46 J 
species  belong  to  the  Cambridge  chloritic  deposit,  whilst  with  the 
remainder  their  chief  affinity  is  with  those  of  the  Upper  Gault. 
These  conclusions  of  the  author  are,  so  far,  valuable,  but  the  entire 
absence  in  the  list  of  any  reference  to  the  probable  existence  of  a 
Folyzoan  fauna  was  perhaps  unavoidable  at  the  time,  and  as  far  as  I 

•  Ibid,  pp.  282.  283. 

t  Joar.  Geol.  Soc.  vol.  xxxi.,  p.p.  256,  816. 

X  Thelififo  of  Mr.  Browne,  1876  and  1881,  differ  in  some  few  partioalars,  but 
^M I  am  not  making  any  special  point  of  this  difference,  it  will  be  far  more 
Aitiafactory  if  the  student  wiU  look  at  Mr.  Browne's  lists  before  endorsing  the 
•boTe.  ^ 
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am  able  I  will  endeavour  to  supply  this  faunjJ  deficiency  in  the 

present  review. 

The  species  of  Polyzoa  enumerated  in  the  Catalogue  of  the 
School  of  Mines'^'  refer  to  examples  in  the  cases  of  that  Institution ; 
and  as  these  are  accessible  for  the  purposes  of  identification  or  study, 
they,  as  a  matter  of  course,  form  the  groundwork  of  my  present 
arrangements.  In  the  cases  referred  to  there  are  many  examples, 
but  at  least  22  or  23  species  are  catalogued  from  the  Lower,  and  1 8 
or  19  fi^m  the  Upper  Greensand.  There  are  none  catalogued  from 
the  Gault ;  only  four  or  five,  but  unnamed,  from  the  Blackdown 
beds ;  none  from  the  Cambridge  Greensand,  Chloritic  Marl,  or  Red 
Chalk ;  and  only  two  from  the  Lower  Chalk .  The  list  of  Cretaceous 
PoljTzoa  in  Prof.  Morris's  Catalogue  of  British  Foasilsf  is  much 
fuller  for  some  horizons,  and  Morris's  list  appears  to  be  repeated  in 
Phillips'  work  on  the  Geology  of  Oxford  and  the  Valley  of  the 
Thames. 

In  the  llev.  W.  Downes*  paper  on  the  Zones  of  the  Blackdown 
Bedst  the  author  names  the  following  Polyzoa :  - 
Heteropora  dichotoma  (Blainv.)  ? 

„  cryptopora,  Goldf. 

Ceriopora  gracilis,  Goldf.,  and 
Radiopora  bnlbosa,  D'Orb. 

The  same  species,  except  the  last,  with  others,  which  are  identi- 
fied as  Multicrescis,  D'Orb.,  are  found  also  in  the  Haldon  Rocks  r> 
Devon,  but  .are  almost  indistinguishable  on  account  of  the  secondary 
incrustations  which  obscure  the  delicate  cells  of  the  Polyzoa.     Fal 
examples,  however,  of  the  Haldon  species  are  in  my  own  Cabinet. 

Mr.  C.  J.  A.  Mayer  in  liis  paper  on  the  Cretaceous  Rocks 
Beer  Head||   states  that  Bryozoa  occurs   in   several  of  the  be( 
examined  by  him.     Thus  at  Peak  Hill  (Blackdown  Beds  ?)  Bryos 
was  found,  (p.  372).     Several  species  were  also  found  at  Beer 
and  Dunscombe,    in    what    corresponds  to  Warminster  Beds  ai^^a<^l 

♦  Cat.  of  Cretaceous  Fosdilg,  1878. 
t  Ed.  1854. 
t  Quart.  Joam.  Geol.  Soo ,  Feb.  1882,  pp.  76-94. 
II  Ibid,  ToL  xxz.,  pp.  369-393. 
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Chloritic  Marl,  (p.  375).  The  author  also  states  that  many  species  of 
Bryozoa  are  found  in  other  beds,  but  I  notice  that  in  his  list  of 
fossils,  (p.  386),  &c.,  no  Bryozoa  are  named,  therefore,  in  all  probability, 
the  species  referred  to,  (pp.  372-375),  are  still  undescribed,  or  even 
unnamed. 

In  this  paper  I  do  not  intend  to  compare  or  correlate  the  whole 
of  the  Cretaceous  Polyzoa,  but  it  may  be  well  to  give  the  summary 
of  known  British  species  as  put  down  by  Mr.  Robert  Etheredge  :* — 

Upper  Chalk 38  genera        50  species. 

Lower  Chalk     ...         ...         ...  6      „  6 

Chalk  Marl       ...         ...         ...  1  genus  1 

Cenomanien      15  genera        23 

Gault                ...         •••         ...  3      „  4 

Neocomien        21      „  34 

Total  8£  118 

This  abstract  shows  the  status  of  scientific  investigation  on  this 
group,  up  to  date  (1885),  and  when  it  is  compared  with  the  lists 
given  by  Morris  in  his  "  Catalogue  of  British  Fossils"  (1854),  the 
slow  advance  of  our  knowledge  of  British  Cretaceous  Polyzoa  is  at 
once  apparent. 


Prof.  Morris'  lists  1854  : — 

Upper  Chalk      

23  genera 

45  species. 

j_jower      ,,         ...         •••          ••• 

2      „ 

2      „ 

Chalk  Detritus  (Charing) 

5      „ 

5     „ 

Cenomanien  (Up.  Grecnsand)  .. 

5      „ 

5     .. 

Gault !  none. 

Neocomien  (Low.  Greensand)... 

15      „ 

26     „ 

Total  ...       ^  83 

At  lea.st  nine  species  enumerated  by  Prof  Morris  are  given  on 
the  authority  of  Dr.  Sharpe,  and  just  now  it  would  be  advantageous 
to  know  where  the  Polyzoa  collected  by  that  gentleman  are  located, 
5^  the  pit  out  of  which  Dr.  Sharpe  got  his  Farringdon  Fossils  is  no 
longer  accessible  to  collectors,  and  the  School  of  Mines  Collection  is, 

*  PhiUipe*  Manaal  of  Geology  and  Palaeontology,  vol.  ii,  p.  581, 1885, 
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therefore,  the  beet  koown  to  me.     If  I  am  in  error  I  shall  be  glad  to 
learn  so  from  local  or  other  students. 

The  explanatioD  of  the  tabular  list  may  be  briefly  alluded  to. 
I  have  divided  the  space  ou  the  right-hand  side  into  six  columns. 
In  the  first  division  I  have  indicated  all  the  Polysoa  heretofore 
catalogued  by  Prof.  Morris  and  Mr.  Newton,  as  belonging  to  the 
Lower  Greeus&nd,  or  Neocomien ;  in  the  second,  Upper  Greensaud, 
other  than  that  of  Cambridge ;  in  the  third  and  fourth  spaces,  Chalk 
Marl  and  Lower  Chalk ;  whilst  the  fifth  space,  separated  by  double 
lines  from  the  rest,  is  reserved  for  Polyzoa  found  eHCnuttng  fossils 
from  the  Cambridge  Greensaud  ;  and  the  sixth  the  species  found  in 
the  phosphate  bed,  either  loose,  or  adherent  to  derived  fossils.  As 
to  the  clossificatiou  of  the  fossils  the  general  plan  adopted  is  founded 
to  a  large  extent  upon  the  recent  researches  of  Busk,  Hincke,  Waters, 
and  Dr.  Pergens,  but  with  a  few  necessary  additions.^ 
The  meaning  of  the  synibola  used  in  tlie  columns : — 

(x)    Kecorded  iu  Morris'  Oat.  Brit.  Poss.,  1854. 

(S)     Species  in  School  of  Mines,  and  Catalogue  (1878). 

(  X  X  )  Species  described  in  this,  and  in  my  fonner  paper.     Examples 
in  Mr.  T,  Jesson's  Cabinet,  and  partly  in  my  own. 


CycloatoniKla,  Boek. 

§  I.   Parallelata,  Wotara. 

Stouatopora.  Bronn.     ^  Aleclo. 

liDeariB,  D'Orb. 

Tar.  Mortoni,  Tine  .. 

graciliformiH  (D'Orb. 'a  ap.) 

retlLTilnta,  D'Orb. 

PnoDoeciNA,  D'Orb,     Stomatopnra,  E 
dUatattt.  D'Oib. 

vur.  CiiilubrigieuaiB.  Vine    ... 
ramoMi,  D'Orb. 
cornucoiiia,  D'Orb.     ... 
mari^iuita,  D'Orb.  (Sbarpl 


*  S«e  CIuaiBaatfoua,  jtc,  Vine,  Froc.  Yorkah.  Q«ol.  Boo.,  \L  vol.  ii. 
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pj 

i 

^ 

i 

i 

'  i 

1   1 

o 

a. 

.d 

i 

!a 

f 

o   !   b 

1 

2 

S 

i 

G     j     6 

snb-eleKUDS,  D'Orb.  (Sharp) 

9 

angoBtala.  D'Orb 

10 

eleraW.  D'Orb.     -  P.  <wn«™pia7 
DlASTOPOBA,  Lamx.     =  Bercnicea. 

cretacea,  Vina            

"^ 

KX    IXX 

12 

Hagenowi  Renss  (near)           

XX? 

n 

ficnnda.  Vine             

I    ^* 

.,      congMta*  stage,  (D'Orb.) 

megalopora,  Vine 
papyracea,  D'Orb. 

S. 

XX 

i 

IS  '        tamnloH*.  Mich 

19  1        grncilifi  ?  Woodw- (D'Orb.  ?) 

I'O  1        tubulQB,  D'Orb. 

8. 

■j\          Sowerbji,  LonBd. 

a. 

BidiaBtopora,  D'Orb.     =  Eiea,  D'Orb. 

i>2  1        InmelloM.  D-Orb. 

8. 

tiZ          ceDomana.  D'Oib.      

S.  ! 

■^^          costata,  D'Orb. 

X 

US,        memloDenBiB.  D'Orb. 

W  1        ramossisima,  D'Orb.                  

8.x 

s. 

•11          SarthBCenEJB,  D-Orb. 

29          ci^hiDQta,  Rfw.             

X 

30  ,         mndtepomcea.  Goldf.                

X 

I        SI           Fraiicqana?  D'Orb 

s. 

!         ii  ,        micropora.  DOrb 

s. 

I        34              var.  ekBUu-,  Vine 

'        36'        J^Bom,Vme               

\       36  1        neocomienBis.  D'Orb.                

;)7  ,        lineata,  BeisEel            

\      38  1            vttr.  fliriatopora.  Vine            

31) 
1 

gignntopora.  Vine 

prndlis,  Goldt.  =  Cerioporn  ... 
Filispafsa.  D'Otb. 

X 

ornata.  Roues. 

carinats,  Reau. 
Periporn.  DOrb.               ..             

peeudoppirBliB,  Michelin 

X 

*  See  lemarka  on  thie  fom,  ITa,  in  text,  p-  209. 
t  See  text;  page  S62. 
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Idmonen,  Lunonrons 
doiuta?  Hag. 
cIsthratB.  Goldf. 

Tranoatalk,  Hagenow 

repena?  Hag. 

pjnnaU,  Rcem. 
§S  BecUDgnlsla,  Waten. 
Heteropora.  Blunville 

tenern.  Hag.  =  ilultieriKit    ... 

mamillBta,  D'Orb.        „ 

variabiliB,  D'Orb.         ,, 

crrpUpoia,  Qoldf.       „ 

unilata,  D'Uib.         Znfkipora     .,. 

michdiDi.  D'Orb.    ItmienacU 

ramosa,  D'Orb.  ?  (semi-maltioraiciH)    .. 

clavuln,  Mich. 
Ceriooiurn?  D'Orb.  =Ceric.po[«(pBra.),Gtilcli 

irre.(tu1arLB,  D^Orb.      ... 

ramuloss,  D'Orb.     Chu:lflia,  lliob. 

DiamilloRB.  Rism 

poijmorplia.  Qoldt.     =  Cerlnpora 

Raulini.  Mich,     =^  fcVHiiucuV'i  ., 

cavarnoaa,  Hag. 

coUis.  D'Otb.     IlEPTOllfl 

mamilta.  D*Orb. 

micro pora 

Bvellana  (?)  Mich. 


A 


Rudiopoca,  D'Orb. 
piwtuloen.  D'Orb. 
bulbosa,  D'Orb. 
heteropora,  D'Orb.     ,„ 

Domopota,  D'Orb. 

clavula.  D'Orb.     (DiaAtopora 
tnbercttlatn,  D'Orb.     . 
poiytallB  <?),  Hag.     ■■■ 
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Lichenoporft.    =  Actinnpora  (para.),  D'Orb. 
papfraoea,  D'Orb. 
radiate,  kad,     Discnporelta,  Bnak 
?  eleganB.  D'Orb.     Loyliolepii,  Bag, 
compressaF  D'Orb.    ... 

I  ■ 


>aQcipora,  Vine.     ^  Lichmopora  id    .,.' 

The  followinK  species  aleo  want  working':— 
DiBDOcavea  NeooomianBid,  D'Orb. ...  ...1   ! 

LaWroWbigera  ctnomanB,  D'Orb.  ...] 

Beriiien  tliesu  tbeie  std  Beveral  forms  of 
Di;rl->p'<i;i.      E:l,il'fh<,r„.     Stamalopara. 
an'l  ;V'.'' •■'friiii  sppuitH  BHllnnworkod  in 
tbecjiH'KoFthcSiilioal  of  Hinea.  , 

Cheilostohata,  Bosk.  i 

Hembranipora  I 

Dumerilla,  And.  | 

„  „     var.  oanlabrigiensie.  Tine! 

„        cretaoea,  D'Orb.  ...  ...| 

.,  „      var.  Francqana,  D'Orb, 

Vincalaris,  Defr.  I 

Bronnit,  JUa. 
li(Tr,ixitelli,,UiQcli«, 

*6  »Dti.]iia,  Vine  

?  dispetwt,  Reuse.  Enehaxina,  Ed. 
Eflchara 

oybeJe,  D'Orb, 
Donblf  ul  ipecica. 
P   Spinopora  Dii^oni,  Lonad.  ...  ...    E 

M?'  Liuatitce  cr^aoea  (?)      .'? 

BiBLIOORAPHT. 
1851-2.  D'Orbigny,  Bryozoaires  Terrftiii  Critice,  vol.  v.,  Pal^onto- 

logie  Francaise. 
1872.  UeiLss,  Die  Bryozoeu  und  Ponmiiinfercii  des  untercn  Quaders. 
1874.      „       Die  Foramiiiifera  und  Bryozoeu,  und  Ostrocodcn  des 
obcrcn  Planers.    These  papers  in  the  textquotedas 
"  Pliiiere,"  1872  or  1874. 
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1862.  Reiiss,  Uber  Tert.  Bryozoen  von  Eischenew  in  Besi 

For  Diastopora  conttgata  and  D.  congest 
tiary  fonns. 

1887.  J.  Jukes  Browne  and  W.  Hill.     On  the  Lower  Bed 

Upper  Cretaceous  Series  in  Suffolk  and  Norfolk. 
Jour.  (Jeol.  Soc.,  voL  xliii. 

1888.  W.  Hill  and  A.  J.  J.  Browne. '  Up.  Cret  Beds  in 

shire.     Quart.  Jour.  Geol.  Soc.,  vol.  xliv. 
Other  Bibliographical  Papers  quoted  in  text. 

Sub-Onler  Ctclostomata. 
Division  A.  ParaJlelata,  Waters. 

1.  Idmonea  dorsato  ?  Hagenow. 

danib.  Grecnsand  Paper,  Proc.  Yorksli.  Geol.  Soc.,  vol.  i 
Horizon  :  Phosphate  Beds,  Canil)ridge. 

2.  Tnuicatula  repens  ?  Ilagenow.    Vine,  Proc.  Y.  Gool.   S 

ix.,  p.  18. 

Horizon  :  Ph<\spbate  Be<ls,  Cambridge. 
8.  Entjilophora  proboscidca,  E<l\v. 

—  Entalopliora  raripora,  Vine,  Proc.  Y.  Geol.  Soc,  vol., 

This    species    is   present  in   tlie   Canib.    Greensand 
togetlicr  witli  what  appears  to  me  to  be  a  variety  of  tlic  sani 
Dr.    Pergens"   inchules  in   his  identification  of  E.    (Pus 
probosddea,  Edwards,  a  long  list  of  synonymous  forms,  and 
2}ora,  D'Orb.,  is  one  of  these. 

Horizon  :  Phosphate  Beds,  Cambridge. 
4.  Entalopliora  proboscitlea,  Edw. 

Var.  elegans,  Vine,  Proc.  Y.  Geol.  Soc.  vol.  ix,,  p. 
tigs.  1  and  2. 

There  are  certain  features  in  the  species  formerly  desc 
me,  as  E,  ruripora,  that  se(.*m  to  warrant  its  sei)aratii>n 
ordinary  typical  forms,  which,  generally  speaking,  are  « 
punctured  in  horizontal  linc><  across  the  surfiice  of  the  Zom 
variety  nr)w  separated  from  ordinary  exanii>les  of  the  tyj^e  li 
marked  facial  characters. 

Horizon  :  Phosphate  Beds,  Cambridge. 

*  BryozoarieH  de  Faze,  18SG,  p.  202. 
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5.  Entalophora  lineata,  Beissel. 

1864.  E.  lineata,  Beiss  ;  Bryoz.  der  Auchner,  Kreidbildung.,  p.   80, 

pi.  ix.,  figs.  116-119. 
1872.  Stoliczka,  Palaeont.  Indica  :  iv.  (2).     "  The  Cilopoda." 
1874.  Reuss  (var.)  Br}'oz.  und  Ostracoda  des  **  Planers/'  p.  133. 

pi.  ii.,  figs.  5-6. 
1887.  Clinopora  lineata,   Marsson  Bryoz.    Schreibkreide,    Rugen, 
p.  24. 
The  t3rpe   species  of  Beissel  was  found  in  Senonien    Rocks, 
"  Jvjreidinergal  ohne  Fenerstein  ;   Froedrichberg,  Preusberg,  Vaels," 
and  is  described  as  rare.     Stoliczka's  were  from  the  "Arria  loor 
^riippe  bei  Yermamoor  in  Ostindein  ;  whilst  the  variety  described  by 
Keiiss  is  stated  to  be  ratlier  rare  in  the  "  Planers"  of  Strechlen  and 
W'heinbohlla.     Marsson,  however,   makes  a  new  genus,  Clinopora, 
for    the  inclusion  of  Entalophora,  with  longitudinal  striae  on  the 
outer  surface.     He  describes  two  species  CI.  lineata,  Beiss,  and  CL 
c(>sfiikita,  Mars  ;  the  last  of  these  would,  in  all  probability,  embrace 
R-euss's  variety  also. 

Beissel's  species,  E.  lineata,  witli  its  elongated  Zoariuniy  very 

^^v-  Zooecia  in  the  brand),  and  faintly  striated  between  cell  and  cell, 

^  present  both  in  the  Phosphate  Beds  material,  but  rather  rare,  and 

^  the  Upper  Chalk  of  Chatham.     Having  restudied  all  the  British 

»nns,  I  am  inclined  to  keep  them  separated  as  above,  and  the 

^riety  as  follows. 

Horizon  :  Phosphate  Beds,  Cambridge. 
-  Entalophora  lineata,  Beissel. 
Var.  striatopora,  Vine. 

=E.  strifitopora,  Vine,  Camb.  G.  S.  Pap.,  Op.  Cit.,  p.  6,  p.  1,  fig.  5. 
This  beautiful  variety  is  so  different  from  the  typical  species  of 
ssel,  or  Clinoj)ora  species  of  Marsson,  that  I  think  it  will  be  wise 
aake  a  distinction  as  above.     Examples  are  fairly  plentiful,  in  the 
ibridge  material. 

Horizon  :  Phosphate  Beds,  Cambridge, 
ilntalophora  Jessoui,  Vine,  Camb.  6r.  Pap.,  p.  6,  pi.  i.,  fig.  6. 
There  is  certainly  a  family  likeness  in  all  the  Spiropora  species 
38il  Polyzoa,     D'Orbigny  gives  several  forms,  all  of  which  are 
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well  marked,  but  the  present  species  must  not  be  confounded  with 
others  of  the  class. 

Horizon :  Phospliate  Beds,  Cambridge. 

8.  Eutalophora  neocomiensis  (?),  D'Orb. 

=Entalophoraueocominen8is  (?)  (error),  C,  G.  Pap.  7,  pi.  i.,  fig.  4. 

1852.  ?  Eutalophora  neocomiensis,  D'Orb.,  Terr.  Cret.,  p.  782, 
pi.  616,  figs.  15-18. 

This  species  is  not  abundant  in  the  Cambridge  material,  but  I 
am  not  certain  that  I  should  be  justified  in  removing  the  (?)  from 
the  name.  I  have  compared  my  own  with  D'Orbigny's  figure  and 
description  of  JK  neocomenshy  D'Orb.,  and  I  am  not  satisfied  that  the 
two  are  identical. 

Horizon  :  Phosphate  Beds,  Cambridge. 

9.  Eutalophora  gigantopora.  Vine,  C.  G.  Pap.,  p.  8,  pi.  i.,  fig.  3. 

Since  the  account  in  uiy  former  paper  was  written  I  have 
re-examined  tlie  fossil  referred  to  (p.  3).  On  a  fine  example  of 
Pharetrosjyoiujla  sfmhani,  SoUos,  I  have  found  a  decumbent  colony 
of  what  I  believe  to  be  the  early  stage  of  this  species.  The  cells  are 
large,  similarly  arranged,  and  the  colonial  growth  covers  fragments 
of  the  network  of  the  sponge.  At  some  of  tlie  places  in  the  side^ 
of  this  Prtfbnsrhm  stage  there  is  evidence  that  portions  of  the 
Zoarium  became  free,  and  erect,  and  thus  the  flattened  form  passed 
into  another,  a  Bi-Diastopora,  or  an  Entalophoridian  stage.  All  the 
examples  that  I  have  heretofore  found  free  are  apparently  broken 
from  these  erect  lateral  growths,  and  until  now  the  Prol^firhm  stagt*- 
of  this  large  Zocecial  form  has  escaped  notice." 

Horizon  :    Cambridge  (ireensand  Phosphate  Beds.     Free  forms. 

10.  Stomatopora  linearis,  D'Orb.,  Terr.  Cret.,  t.  v.,])l,  G29,  figs.  5->^- 
Var.  iloRTONi,  var.  n,  pi.  xii.,  figs.  1  to  Id. 

Stomafojxyra  /iimtris,  D'Orb.,  and  S.  nigulo^n,  Ueuss,  in  some 
respects  resemble  the  Cambridge  (ireensand  form,  but  from  tli*^ 
descriptions  of  D'Orb  it  is  impossiblo  to  place  the  British  variety 
under  either  name  without  remark. 

Zonrlum  linear,  or  slightly  flexous:  unbranched.  Z^xrrla  ,\o\v^,  and 

*  Ueoeutly  I  have  fouml  a  Bimilarly  dccuinlnrnt  fonn  ia  the  llcJ  Chalk, 
which  I  have  named  Proboscina  gigantopora,  Vine. 
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tapering  towards  the  proximal  extremity,  occasionally  bulging  and 
coutnicted  towards  tlie  distal,  surface  faintly  punctate,  orifice  rather 
less  than  the  brea<lth  of  the  cell,  peristome  raised. 

Length  :  4  cells  measure  slightly  over  a  quarter  of  an  inch. 

Breadth  :  Less  than  1  mm. 

Habitat :    On  the  inner  portion,  and  outer  lip  of  RadloUtes 
Mortoni,  Mant. 

Horizon :  Cambridge  Gre6nsand. 

i^,  linearis,  D'Orb.     Loc.  :  Havre.     Cenomanien.     Etage  20e. 

This  beautiful  variety  I  have  named  Moi'to7ii,  on  account  of  its 

peculiar  habitat,  but  another  small  fragment  (figs.  Ic  and  Id)  was 

found  in  the  inner  portion  of  a  dead  ostrea,  likewise  attached  to 

Radiolites  Morton i.     The  two  forms  appear  to  be  identical.     On  the 

outer  lip  of  the  same  fossil  was  a  very  large  colony  of  Membranipara 

Dumerilla,  And.,  var.  CantabrigiensiSy  Vine,  as  well  as  colonies  of 

Diastopora. 

11.  Stomatophora  graciliformis''  (D'Orb.  sp.),  pi.  xii.,  figs.  2  to  2b. 

1848.  =  Stomatophora  gracilis,  Bronn  (D'Orb.),  Terr.  Cret.,  p.  843. 

1850.  =  Alecto  gracilis,  D'Orb.,  Terr.  Cret.  ibid,  pi.  629,  figs.  1-4. 

This  species,  so  far  as  I  am  acquainted  with  it,  is  always  small 
or  delicate,  and  very  distinct.  The  Zoarium  branches  frequently, 
almost  every  cell,  or  at  most  two  cells,  branch  off  irregularly.  The 
Zooecia  are  slightly  nigosc,  short,  but  occasionally  1  mm.  in  length, 
and  tapering  towards  the  proximal  extremity.  The  general  habit  of 
*he  species  more  closely  resembles  the  Alecto  gracilis^  D'Orb.,  than 
^^y  other  that  I  am  acquainted  with. 

Habitat :  On  the  smaller  examples  of  Badiolites  Mortoni  Mant. 

Horizon  :  Cambridge  Greensand. 

D'Orbigny's  S.  gracilis  is  from  Meudon,  in  Senonien  Rocks. 
E^ge  22e. 

1 2.  Proboscina  dilatata,  D'Orb. 

1850.  Idmonea  dilatata,  D'Orb.  Tert.  Cret.,  t.  v.,  p.  851,  pi.  632, 
figs.  4-6. 

Var.  cantabrigiensis,  var.  n.  pi.  xii.,  figs.  3-3a,  4-4a. 

Zoarium  adherent,  ramified,  originating  from  a  short  stem  from 

^  liave  adopted  this  name  to  keep  the  species  distinot  from  that  of  M.  Edwards. 
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wliicb  two  very  simple  branches  dilate  on  either  side,  but  unlike 
P.  dllatata,  these  do  not  diverge  at  any  great  angle.     From  tlie 
centre  of  these  two  branches  a  larger  jBabellate,  alternately  diverging, 
branch  is  developed.     The  whole  colony  is  about  15  mm.  in  length, 
and  between  4  and  5  mm.  in  breadth  at  the  widest  part.     Zoccchi 
elongate,  contiguous,  slender,  two  of  which  measure  about  1  mm.  iii. 
length  ;  series  of  cells  in  the  branches  varying  from  1  to  3  in  the 
originating,  to  8  or  10  in  the  wider  portions.     With  the  hand-glass 
I  was  unable  to  detect  any  puncture  in  the  c^lls,  and  the  fossils  to 
which  the  species  is  adherent,  is  too  large  to  place  under  the  micro- 
scope. 

Habitat :  On  the  inner  side  of  Radiolites  Mortoni  Mant. 
Horizon  :  Cambridge  Grcensand. 

Proboscina  dilafata,  D'Orb.,  is  from  Mans.  Cenomanien.,  Eta^ 
20e,  and  is  found  in  company  with  P.  ramosa^  D*Orb.  Terr. 
Cret.,  t.  v.,  p.  851,  pi.  032  and  633. 

This  species   or  variety    certainly    differs    fnmi    D*Orbiyny'i* 
P,  dilatata  in  its  general  habit,  so  far  as  it  is  figured  by  the  author, 
but  the  description  in  the  text,  p.  852,  agrees  to  some  extent  with 
that  of  the  British  form.     Still  there  is  a  difference,  and  I  prefer  to 
give  the  above  a  varietal  name.     I  have  only  seen  three  examples  of 
this  beautiful  Polyzoon,  and  these  are  dose  t^igether  on  one  fossil. 
Figs.  3  and  4  of  the  plate  are  first  rubl>ed  with  damp  paper,  and 
the  impression  etched  as  figured.     A  similar  varietal  form  to  thi? 
is  found  on  an  Imiceramns  from   the  lied  Chalk,  Hunstanton,  but     i 
unless  I  had  seen  the  forms  now  describe<l  I  should  not  have  l^n     .. 
able  to  identify  the  Ked  Chalk  one,  as  only  a  mere  impression  of  the 
once  existing  colony  is  left  on  the  shell. 

13.  Proboscina  ramosa  ?    D'Orb.,  pi.  xii.,  figs.  5  to  8. 

-^  Diastopora  ramosa,  Michelin  (?),  Icon.  Zooph.,  p.  203. 

1850.  Diastopora    ramosa,    Lonsd.,   Dixon's  Geol.    Sus.,  p.   295. 
tab.  xviiin.  figs.  1-1  b. 

1847.  Idmonca  ramosa,  D'Orb.,  Prod.  2,  p.  175. 

1850.  Idmonea  cenomana,  D'Orb.,  Voy.,  pi.  633,  fig.  1-3. 

1852.  Proboscina  ramosa,  D'Orb.,  Terr.  Cret.,  t.  v.,  pi.  632,  figs.  1-3. 
pi.  633,  figs.  1-3. 
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There  are  present  on  one  of  the  smaller  examples  of  Radiolites 
JMoj'toni  several  colonies  of  a  Frohoscinu  species,  which,  if  not 
identical,  are  closely  related  to  /.  ramoiSit,  D'Orb.,  less  so  with 
Jdmonea  cenomana,  of  the  same  author.  Fig.  8  appears  to  be 
the  top  part  of  one  of  the  branches.  Reuss  describes  and  figures  a 
form  somewhat  similar  to  the  Grecnsand  example,  Proboscina  gra<;ileSy 
lleuss,  but  I  cannot  compare  the  British  form  so  favourably  with 
Ileuss's  as  with  D'Orbigny's  figures. 

Habitat :  On  Radolites  Mortoni. 

Horizon  :  Cambridge  Grecnsand. 

Proboscina  ramosa,  D'Orb.,  is  from  Mans;  Cenomanien. 

Lonsdale's  example,  Diastojmra  ramosa,  from  the  Upper  Chalk. 

14.  Proboscina  angustata,  D'Orb. 

1850.  Idmonea  angustata,   D'Orb.,   Terr.   Cret.,  p.  852,  pi.  632, 

figs.  7-9. 
1852.  Proboscina  angustata,  D'Orb.,  Ibid. 
1872.  Proboscina  angustata,  Reuss,  Bryoz.  &c.  des  Planers,  p.  113, 

tab.  28,  figs.  3-4. 
1885.  Stomatopora  gracilis,  M.  Ed.  (?)  Vine,  Camb.  Gr.  Pap.,  p.  4, 
pi.  ii.,  fig.  7. 
I  had  only  one  example  of  this  species,  and  that  a  poor  one,  but 
a  re-examination  of  the  form  induces  me  to  locate  it  here  rather  than 
leave  it,  even  doubtfully,  with  Milne  Edwards'  8.  gracilis,  D'Orbigny's 
figure  represents  the  species  as  having  tw^o  rows  of  cells  in  the  whole 
of  the  branches,  but  Reuss  figures  his  example  as  partly  uniserial 
(fig.  3),  and  partly  biserial  (fig.  4),  in  this  respect  the  "Planers'" 
example  resembles  the  British. 

Horizon :  Phosphate  Beds,  Cambridge. 

Locality :  Proboscina  angustata ,  D'Orb.,  is  from  Mans,  and  is 
found  in  company  with  P.  ranwsa,  and  P,  dilatata,  D'Orb. 

15.  Diastopora  cretacea.  Vine. 

1883-4.  Brit.  Association  Report.   Fossil  Polyzoa. 
1885.  Camb.  Grecnsand  Paper.  (Op.  Cit.),  p.  9. 

Au  example  similar  to  the  one  originally  described  from  the 

* 

*  Die  Bryoz.  des  untercn  Qaaders,  1872,  p.  11  a,  pi.  28,  figs.  6-9. 
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Upper  Chalk,  is  present  in  the  Cambridge  material  on  a  fragment  of 
Inoceramus,  b\it  evidently  derived  from  Lower  Chalk  Beds  above. 

Habitat :  On  Inoceramus,  and  on  an  Echinoderm. 

Horizon  :  Lower  Chalk  ?  Cambridge  :  Upper  Chalk,  Sussex. 

16.  Diastopora  Hagenowi,  Reuss,  pi.  xii.,  figs.  9-9b. 
187:2.  Bryoz.  des  nnteren  "  Planers,"  p.  100,  pi.  26,  f.  12. 

1885.  D.  cretacea,  var.  lineati,  Vine.    Camb.  G.  Pap.,  Op.  Cit-„  p.  9. 

On  the  same  fragment  of  Inoceramus  is  a  smaller  and  more  disk- 
like si)ecies  than  D.  eret€icea^  which  closely  resembles  in  all  ite 
characters  D,  Hagenowi,  Keuss.  There  are  also  two  examples  of 
this  species  on  a  large  specimen  of  BadioUtes  Mortoni,  but  these  are 
irregular  in  their  habit  and  not  disk-like,  but  the  cell  arrangement 
are  similar  to  the  "derived"  form.  I  do  not  think  it  wise  to 
separate  them. 

Habitat :  On  Inoceramus,  and  Iladiolites  Mortoni. 

Horizon  :  Lower  Clialk  ?  Cambridge,  and  Cambridge  Grcensimd. 

17.  Diastopora  fecunda.  Vine,  Canib  Gr.  Paper  (Op.  cit.),  p.  9. 

In  the  above  ]){iper  I  described  this  species  at  greater  length 
than  the  others,  but  because  there  are  certain  fonns  of  Diastojyora 
somewhat  similar  to  the  above,  both  in  the  works  of  D'Orbigny 
and  Reuss,  I  have  ro-stiulied  the  examples  again,  with  the  following 
results.  Li  liis  1846  paper  (Boheme  Kreide,  pi.  15,  fig.  4:i),  Reus^ 
illustrat^jd  a  peculiar  Diastopora,  which  he  named  D.  congeMa.  and 
another  in  the  same  work  (pi.  1;3,  fig.  41),  />.  confluen,<.  This  last 
species  or  variety  is  the  Rosacii/a  conjfuena,  Ilicmer  (1841 ).  D'Orbigny 
adopted  the  name  D.  cong(*sta  (Voyez,  1847),  which  followed  after- 
wards as  Ife])to7nn!fis]iarsa  congcsta  (Terr.  Cret.,  vol.  v.,  p.  878, 
pl.640,  figs.  1-G).  Reuss  in  1872  (Die  Bryoz.,  &c.,  "  Planers,"  p.  1 10), 
united  the  whole  of  these  fi)iins,  together  with  Ueptomultis^^irsn 
glomeratay  D'Orb.,  under  one  name,  Berenicea  confluent,  Roemer's  sp. 
The  chief  characteristic  feature  of  all  these  varieties  is,  they  are 
either  proliferous,  with  cells  rather  distinct  in  the  Zoarium,  or  blendeil 
together,  or  contiguous,  which  can  be  better  seen  in  sections.  Novak 
(Bryoz  der  Bohem.  Kreide.,  p.  97,  pi.  iv.,  figs.  1-10)  describes  and 
illustrates  a  new  s])ccics,  w*hich  in  many  senses  is  most  peculiar,  both 
in  growth  and  cell  arrangement  as  Berenicea  jn'losa,  and  in  his  text 
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Xovak  coinineuts  ou  three  other  species  characterised  as  distinct  by 
Reuss  and  D'Orbigny  ;  Bereniceu  Clementina  and  grandis,  D'Orb., 
and  B,  c^n/erta,  Reuss.  The  wliole  of  these  species  are  found  in  the 
Planer-Kalk"  of  Germany.  In  establishing  Diastopora  fectuida  as  a 
new  species,  wliether  new  to  the  Cambridge  Greensand  of  Britain 
only,  or  new,  ;^^onerally  speaking,  to  the  Lower  Cretaceous  horizon, 
Continental  or  British,  remains  to  be  seen.  The  forms  which  I  have 
characterised  by  this  name  are  the  most  abundant  of  the  Camb. 
Greensand  species  whether  attached  or  free,  and  they  are  the  most 
variable.  When  briefly  remarking  ou  the  stnictural  features  of  pre- 
pared sections  I  wrote  as  follows  : — "  In  a  semi-transparent  section 

of  D.  fecnnda the  peculiar  structural  features  of  the  species 

are  verj-  apparent.      The  super-imposed  colonies   originate    from 
marginal  cells,  and  the  initial  stage  of  a  new  colony  is  flabellate  and 
ultimately  discifonn,  the  new  colony  entirely  obliterating  or  covering 
up  the  original."     (Camb.  Gr.  Pap.,  p.  10,  op.  cit.)    The  profile  out- 
line of  some  of  the  examples  of  D,  fecundu,  Vine,  closely  resemble 
some  of  the  "  natural  size"  figs,   of  Berenicea  conjiuens  Roem  sp. 
(Novak,  p.  98,  pi.  iv.,  figs.  19-22),  and  the  cells  in  transparent  sec- 
tions that  I  have  recently  prepared  are  certainly  "  confluent,"  but 
this  is  not  the  sense  of  the  word,  1  tiike  it,  as  used  by  Novak.  Novak 
appears  to  refer  to  the  outward  surface,  and  nob  to  any  sectional 
cliaracters.     If  I  do  not  mistake  his  meaning  then,  the  Bereniceaf 
caiijluens  of  Roemer,   Reuss,  or  D'Orbigny,  is  not  the  Diastopora 
Jecunda  of  British  rocks.     Having  pointed  out  to  the  student  what 
Z>.  fecunda  is  not,  I  will  now  point  out  what  the  species  is.  In  trying 
to  diagnose  the  characters  of  the  form  I  did  my  best  to  do  it  briefly, 
but  a  careful  re-examination  of  the  whole  of  my  own  and  Mr.  Jesson's 
"  free,"  not  the  adlierent  examples  which  could  not  be  placed  under 
the  microscope,  I  find  certain  characters  in  some  of  them  which  may, 
or  may  not  be,  regarded  as  separate  species,  but  they  may  perhaps  be 
regarded  as  varietal. 

*  "  Planer-Ealk/*  the  German  came  for  the  white  argillaceoas  chalk,  a 
depoait  which  reaembleB.  both  in  composition  and  organic  remains,  the  Ohalk- 
Marl  of  the  English  series.    LjeU.  Elements,  p.  276     Ed.  1878. 

t  RoaaciUa  Boem  :  Reptomoltisparsa,  D'Orb. ;  Diastopora  and  Berenioea 
Rensa. 
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(a)  Normal  (or  t3rpical  ?)  *'  Zooecia  variable,  elonpjated,  hut 
rarely  exposed  except  at  the  distal  extremity  of  the  cell ;  oritice 
circular  ...  or  slightly  elongated  (worn),  peristome  thin,  not  promi- 
nent;  cells  not  wholly  contiguous  ;  sparsely  puncturetl."  (C.  6.  Pap., 
op.  cit.,  p.  10).  This  is  the  general  cliaracter  of  the  "basal" 
colonies  of  the  dome-shaped  I),  /ecunda, 

(b)  Young,  or  newly-formed  colonies  on  the  apex  of  the  dome. 
These  are  variable,  and  some  of  them  simulate  the  features  of  what 
now  passes  for  two  distinct  species.  In  one  stage  of  these  newly- 
formed  colonies  1  find  most  of  the  features  of  the  species  characterised 
as  Hei^nkm  Clementhm,  D*Orb.  (Terr.  Oret.,  p.  865,  pi.  636.  figs. 
1-2.  The  cells  are  not  quite  so  contiguous,  but  the  colonies  are 
either  **  discoid**  or  **  Habeliform,"  and  are  marked  (rugose  ?)  trans- 
versely like  D'Orbigny*s,  fig.  2.  In  another  colony  I  have  traced 
similar  diameters  to  Novak's  Berenicea  pilosa  (Bohm.,  Kreid.,  p.  iv, 
figs.  I  to  10),  l)ut  more  especially  the  mised  peristomes  with  **  hair- 
like*' markings  on  the  h*ont,  like  the  fig.  5  of  pi  iv., :  other  cells  are 
marked  with  **  pilosa"  markings  like  fig.  4,  but  the  Zo(eciaare  neither 
so  long  nor  so  contiguous  as  is  represented  in  that  figure.  There  is, 
nppnrontly,  anotlier  stage  in  some  of  these  younger  colonies,  the 
lierenkm  coitjerta  stuge,  but  as  examples  of  tliese  are  not  so  well 
marked  or  so  characteristic  as  the  others  they  may  be  only  passingly 
referred  to  hero.  Whether,  as  I  have  already  remarked,  I  should  be 
justified  in  ranking  the  smaller  colonies  as  separate  species,  or 
whether  I  should  leave  them  a,s  mere  abnormal  growths,  with  distinct 
specific  features,  may  be  now  briefly  considered.  In  these  smaller 
colonies  1  have  not  been  able  to  trace  any  of  them  as  passing  from 
one  form  to  another,  but  nearly  the  whole  of  the  forms  referre<i  to 
are  found,  (i)arasitic  ?)  on  DlastojHyfxi  Jecufnia.  One  of  the  so-called 
**stjiges,"  /i.  Chnnentlna  stage,  however,  seems  to  be  rather  more 
constant,  and  this  species  of  D*Orb.  may,  I  think,  be  safely  considere«l 
jis  being  present  in  the  Cambridge  Greensand  material ;  but  of  the 
others  1  am  somewhat  doubtful  of  their  right  to  be  ranked  as  distinct, 
or  to  find  a  place  in  the  lists  of  the  British  Cretaceous  Polyzoa  fauna. 
What  1  have  Sivid  already  may  induce  others  to  overhaul  their  Cam- 
bridge Greensand  Fossils,  and  if  satisfied,  publish  the  results  of  their" 
!ii  vesti^  tions. 
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Habitat :  Free ;  Phosphate  Beds  :  Attached  on  Pharetrospongia 
strahani  ;  and  on  Ostrsa  valve  adherent  to  Radiolites  Mortoni. 
Horizon  :  Camb.  Greensand ;  Phosphate  Beds,  Cambridge. 
17a.  Diastopora  fecunda    (D.  conjesta  stage,  D*Orb.),  pi.  xii.,  figs. 
10  to  10b. 
=  D.  conjesta  and  D.  confluens,  D'Orb.,  pi.  (Terr.  Cret.)  640, 

figs.  1-6. 
These  figures  are  drawn  firom  one  of  the  most  conspicuous  of  the 
apical  (or  young  growths)  of  D.  fecunda.  Vine,  and  represents  the 
i>.  coi\jesta  stage  of  D'Orbigny.     See  plates  in  Atlas  as  above. 
18.  Diastopora  Clementina,  D*Orb. 

1847.  Diastopora  Clementina,  D'Orb.,  Prod.  2,  p.  120,  and  Voyez. 
1852.  Berenicea  Clementina,  D'Orb.,  Terr.  Cret.,  v.,  p.  865,  pi.  636, 

figs.  1-2. 
1872.  Berenicea  Clementina,  Reuss,  "  Planers,"  p.  109,  tab.  26,  f,8. 
I  have  examined,  besides  the  small  parasitic  colony  previously 
referred  to  above,  two  very  fair  examples  of  this  species,  and  these 
are  sufficiently  characteristic  to  warrant  their  inclusion  in  this  list. 
One  of  the  examples  have  the  cells  more  closely  packed  together  tlian 
the  other  ;  Zooecia  faintly  rugose  ;  Zoarium  variable. 

Habitat :  One  on  an  Ammonite,  the  otlier  on  D.  fecunda. 
Horizon  :  Phosphate  Beds,  Cambridge. 
19    Diastopora  megalopora,  Vine,  Camb.   Greensand  Pap.  p.   10, 
pi.  ii.,  figs.  9-9c. 
This  is  a  distinct  type  of  Cambridge  Greensand  Diastopora,  and 
its  facial  characters  have  been  already  depicted.     One  rather  large 
example  of  the  species,  derived  probably  from  the  Cludk  Marl,  as 
well  as  showing  some  of  the  Zooecial  characters  referred  to  previously, 
give  us  a  really  good  idea  of  the  constancy  of  its  t3rpical  features. 

Horizon :  Phospliate  Beds,  Cambridge.  (But  derived  from 
Chalk  Marl). 

(Diastopora  confluens,  Reuss,  Camb.  Greensand  Paper,  p.  10. 
On  account  of  what  has  been  already  said  in  speaking  of  D,  fecunda 
this  species  is  suppressed,  and  Z>.  Clementina  substituted  in 
its  place). 
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20.  TTmbrellina  paucipora,  Vine. 

=  Lichenopora?    paucipora,   Vine,    Quart   Jour.   Geol.   Soc., 
Nov.,  1884,  p.  853,  with  fig ,  drawn  by  Mr.  Busk. 

=  Lichenopora?  paucipora,  Vine,  G.  Gr.  Pap.,  p.  11. 

There  is  no  species  in  the  whole  of  the  Cambridge  collection  that 
I  have  had  more  bother  with  than  the  above.  At  the  time  I  wrote 
the  above  papers  I  was  not  familiar  with  Keuss's  peculiar  genus 
Umbf'elliiia,  which  the  author  established  for  the  reception  of  one 
species  only.  In  the  classification  of  Ileuss  (1872,  Bryoz.  &c  ,  des 
unteren  Planers)  the  genus  is  placed  in  the  Fam.  Entalophoridu'. 
The  species  is  name<l  U.  Stelzneri,  Reuss,  and  in  company  with  his. 
other  peculiar  forms  are  suggestively  placed. 

?  Cl3rpeina  tubaeformis,  Lonsd.  (Dixon's  Geol.  Sus.),  and 

?        „        niarginoporella,  Mich.  Icon. 

The  British  examples  ditter  nunterially  from  the  U.  Stelziten\ 
Rss.,  more  espocially  in  the  loii^^itiulinal  aspect.  The  disk-like  upi>er 
part,  is  also  different,  and  if  it  ho  not  sufficiently  distinct  to  be 
recognised  as  a  new  species,  it  is,  at  least,  a  variety  of  Renss's  spocie--^. 
rather  than  identical  with  it. 

Horizon  :  Pliosjihate  Beds,  Cambridge. 

21.  Osculipora  pleboia  Novak.,  Vino,  I'amb.  Cr.  Pap.,  p.  13. 
Examples  of  this  spocios  are  very  abundant  in  the  Cambri«li;o 

material,  but  1  have  not  boon  able,  however,  to  establish  all  the 
variations  of  form  which  Novak  depicts,  neither  have  I  found  any 
examples  bearing  ovicells. 

Horizon  :  Phosphate  Beds,  Cambridge  ;  Bohemia,  Novak. 

§  Rectangulata,  Waters. 

22.  Domopora  poly  taxis,  Hag.     Vino,  CamI).  Gr.  Paper,  p,  12. 
Horizon  :  Phosphate  Beds,  Cambridge. 

23.  Lichenopora  comprossa  ?  D'Orb.,  pi.  xii.,  tigs.  n-12a. 
lSo2.  Discocavea  comprossa,  D'(^rb.,  Terr.  Crot.,  t.  v.,  p.  961. 

Lichenopora  coinpressa,  D'Orb.,  i>l.  (Mo,  iigs.  r>  8. 

In  some  respects,  i)articnlarly  in  the  lines  of  growth  as  repre- 
sented in  the  figures  of  D'Orb  ,  the  British  form  resembles  the  »Seno- 
nien  as  given,  figs.  5,  pi.  015.  There  are  ample  varietal  dift'erences 
in  the  two  I  will  admit,  but  from  one  poor  example  it  is  diflicult  to 
iwake  out  the  necessary  details  so  as  to  establish  a  variety. 


VINE:    POLYZOA  OF  THE  LOWEK  AND   UPPER  GRKKNSAND.        271 

Horizon  :  Phosphate  Beds,  Cambridge  ;  Dans  I'  etage  senonien, 
a  Meudon. 

24.  Lichenopora  radiata  (?)  And.,  or  variety,  Vine,  Camb.  Gr.   Pap., 
p.  11. 

Horizon  :  Phosphate  Beds,  Cambridge. 


Sub-Order  Cheilostomata,  Busk. 

25.  Membranipora  Dumerilli,  And. 

Var.  Cantabrigiensis,  Vine,  C.  6.  Pap.,  p.  14,  pi.  ii. 

On  the  example  of  RadioUtes  Mortoni  previously  referred  to, 
under  Stomatopora  linear  is ,  var.  Mortoni  (ante.)  there  is  a  large 
colony  of  this  peculiar  species.  There  is  not  any  appreciable  differ- 
ence between  this  and  the  other  examples  described  in  the  former 
paper,  only  as  this  is  attached  the  additional  horizon  for  the  species 
has  a  certain  historical  value  that  will  be,  I  think,  appreciated. 

Habitat :  On  Kadiolites  Mortoni,  Mant. 

Horizon  :  Cambridge  Greensaud  and  Phosphate  Beds. 

26.  Membranipora  cretacea,  D*Orb. 

1851.  Flustrellaria  cretacea,  D*Orb.,  Terr.  Cret.,  v.,  p.  519,  pi.  724, 
figs.  5-8. 

On  several  fossils  belonging  to  the  Cambridge  (Jreensand  horizon 
I  have  found  colonies  of  Membranipora,  rather  small — but,  so  far  as  I 
have  examined  them  by  the  hand-glass — characteristic.  These  seem 
to  me  to  be  allied  to,  if  not  identical  with,  two  of  D'Orbigny's  types. 
One  of  the  forms  with  oval  cells,  with  thin  walls  and  cells  arranged 
pretty  regular  in  diagonal  lines,  I  place  here. 

Habitat :  On  Radiolites  Mortoni. 

Horizon :  Cambridge  Greensand. 

27.  Membranipora  cretacea. 

var   Francqana  ?  D*Orb. 
1851.  Flustrellaria  Francqana,  D'Orb.,  Terr.  Cret.,  v.,  p.  525, pi.  725, 
figs.  13-16. 
The  cells  of  this  variety  are  similar  to  the  last,  only  some  of  the 
cells  depicted  by  D'Orb.  are  a  little  more  compressed,  or  bulging  at 
the  extremities,  than  the  typical  form. 
Same  Habitat  and  Horizon. 
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S8.  Microporella  antiqua,  Vina 

==  Microporella  sp.  ( ?  antiquata)  Camb.  Green.  Pap.,  p.  15, 
pL  ii.,  f.  11. 

Besides  the  original  fragments  described  above,  I  bave  found 
another  small  example  attached,  which  I  believe  belongs  to  a  similar, 
if  not  to  the  same  species  of  Microporellidoe.  It  encrusts  a  portion 
of  the  base  of  a  Gorgonia,  but,  excepting  the  shape  of  two  or  three  of 
the  cells,  which  are  similar  to  the  fragment  already  described,  the 
colony  is  otherwise  indistinguishable. 

Habitat :  On  Gorgonia  base,  and  on  Fragments  of  Echinoderm 
spine. 

Horizon :  Phosphate  Beds. 


(Part  II.,  FoRAMiNiFERA,  Camb.  Gr.  Paper,  p.  16). 
A  few  errors  crept  into  the  second  part  of  my  Cambridge  Greeu- 
sand  Paper,  which,  through  the  kindness  of  Prof.  T.  Rupert  Jones.  I 
am  DOW  able  to  conect.     The  species  described  by  me  were  : — 

21.  Webbina  tuberculatn,  Solla.*^. 

22.  „        loevis,  Sollas. 

23.  Trochammiiii  helveto-Jurassica,  Ilausler. 

24.  Textularia  agghitinans,  D'Orb.     Of  these  No.  23  should  have 
been  Lituola  uregularh,  Roemer. 


Part  III. 

Foraminifera  and  Ostracoila  from  the  (xreensand  and  Chalk-Marl 
of  Cambridge.    [Phosphate  Beds.] 

The  following  lists  of  Foraminifera  and  Ostracoda  from  the 
Cambridge  Phosphate  Beds  (*' Coldhams  Lane  Pit«," T.  Jesson,  F.G.S.\ 
1  am  enabled  to  publish  through  the  kindness  of  Prof.  T.  Ru|)ert 
Jones,  F.R.S.,  and  C.  D.  Sherborn,  F.G.S.  Within  the  last  few 
months  (June  to  Nov.,  1889)  I  have  re-exaniine<i  much  of  the  finer 
dSris  from  the  above  beds,  and  picked  out  a  large  number  of  indivi- 
duals of  species  belonging  to  the  before-mentioned  groups.  Many 
of  these  were  mounted  separately,  and  then  submitted  to  Prof 
T.  R.  Jones,  who,  with  the  help  of  Mr.  Sherborn,  carefuUy  tabulated 
for  me  the  whole  of  the  specific  names  now  published.     It  is  not 
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likely  that  I  shall  ever  work  over  the  del^ris  again,  and  in  the  interests 
of  Pateontological  research  I  offer  my  sincere  thanks  to  all  who 
have  helped  me  to  complete  these  amended  lists  of  species  found  in 
Greensand  and  Phosphate  Beds  of  Cambridge.  The  total  results  are 
as  follows  : — 

Foraminifera     17  genera 

Polyzoa  12      „ 

Ostracoda         6 


31  species. 
28      „ 
13?*,, 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
28. 
24. 


>» 


>» 


>» 


35  genera 

A.    FORAMINITBBA. 

Triloculina  (near  T.  tricarinata,  D*Orb.) 
Lituola  irregularis,  Roemer. 

„      globigeriniformis,  Parker  and  Jones. 
Reophax  (single  joints). 
Webbina  laevis,  Sollas. 

„        tuberculata,  Sollas. 
Textularia  agglutinans,  D'Orb. 
foeda,  Reuss. 
turris,  D'Orb. 
trochus,  D'Orb. 
(xaudryina  pupoides,  D'Orb. 
Verneuilina  triquetra,  Miinster. 
,,  Parisiensis,  D'Orb. 

Bulimina  obtusa,  D*Orb. 

Murchisouiana,  D'Orb. 
elegans,  D'Orb. 
obliqua,  D*Orb. 
Globigerina  buUoides,  D'Orb. 

„  cretacea,  D'Orb. 

Planorbulina  ammonoides,  Reuss. 

Clementiana,  D'Orb. 
grossirugosa,  Gumbel. 
Gristellaria  rotulata,  Lamarck. 
„  cultrata,  Montfort. 


72  species. 


}i 


>» 


>» 


>> 


t» 


*  Inolading  the  two  varieties  of  QfthereU,  Noe.  9-10. 
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(  Frondicularia  bicomis,  Ileuss, 
*     C         „  *'  var.  with  two  parallel  longitudinal  ribs,"  Jones. 

26.  Flabellina  Cordai,  Keuss. 

27.  Vaginuliua  costulata,  Keuss. 

28        „  „    var.  near  V.  incompta,  Kss. 

29.  Nodosaria  Kaphanus,  Linne. 

3(K  Dentaliua  communis,  D*Orb. 

31.  Lagena  marginata,  D'Orb. 

With  the  exception  of  Nos.  1,  4,  9,  26,  29,  and  31,  the  whole  nf 
tlie  above  species  are  rather  common  in  the  Phosphate  debris  ;  Xo. 
26  is  very  rare  ;  and  23  and  24,  especially  No.  23,  literally  swarm  in 
the  material,  and  examples  may  be  picked  out  by  thousands. 

B.   OSTRAGODA. 

1.  Bairdia  Hunisiana,  Jones. 

2.  ,,       «iibdeltoidea,  Munster. 

3.  Cytheropterou  coucentricum,  Keuss. 

4.  „  ,,     var.  virgin ea,  Jones. 
;>.  Cy there  llarrisijina,  Jones. 

6.  Cythereis  triplicat4i,  Ra?nier. 

7.  „  ([uadrilatera,  Ka»nier. 

8.  „  ornatissima,  Keuss. 

10.  „  „  var.  B. 

11.  Cytheridea  perforata,  Kiemcr. 

12.  C}i:herella  ovata,  Rcenier. 

13.  „  truncata,  Bosquet. 

Though  some  of  the  above  Ostracoda  are  rather  plentiful  in  the 
Phosphate  db^risy  others  are  veiy  rare.  None  of  them,  however,  are 
so  abundant  as  indivi<luals  as  the  Forarainifera 


Explanation  of  Plate. 

FigB. 

1-lc.     Stomatopora  linearis,  D'Orb. 

Var.  Mortoui,  Vine. 
2-2b.  „        gniciliformis  (D'Orb.  sp.)  (-=  S.  gracilis,  D'Orb.) 

3-3a.     Proboscina  diiatata,  D'Orb. 

Var.  Cantabrigiensis,  Vine. 


Proa.  Yorksh.  OmI-  &  Polyt.  Sao-,  ' 


^        ^i"l  II  IZ 
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4-4a.  Proboscina  „    another  colony  of  the  same. 

5.  ,,        ramosa,  D'Orb.. 

6.  „  „  „     [    Various     characteristic    frag- 

7.  „  „  „     f^       ments  of  this  species. 

Q 

"•  i>  »»  >»  / 

9-9b.  Diastopora  Hagenowii,  Reuss. 
10-lOb.  „         foecunda,  Vine.     Very  young  example, 

11.  Licheuopora?  compressa,  D*Orb. 
12. 


GLACIAL   SECTIONS   NEAR  BRIDLINGTON.      PART  IV. 

BY  G.   W.    LAMPLUGH. 

IntrodaHion. — In  writing  the  last  paper  of  this  aeries  in  1883, 1 

surmised  that  with  it  the  series  would  probably  close,  but  since  that 

time  events  have  happened  which  render  it  advisable  that  I  should 

add  one  more  part,  making  the  fourth.     In  doing  so,  I  think  it  will 

he  profitable  first  to  glance  at  the  ground  already  covered  by  these 

papers.     The  primary  object  of  the  series  was,  as  stated  in  Part  I.,  to 

describe  sections  in  the  neighbourhood  of  Bridlington,  which  were 

'likely  to  be  destroyed,  either  by  artificial  or  natural  means,'  to  give 

ca:t-cful  sketches  where  the  beds  seemed  complicated  or  unusual,  and 

^1^    all  cases  to  give  as  clear  and  unbiassed  a  description  as  I  could, 

so   ^is  to  preserve  any  information  the  section  might  contain,  for  the 

^xiefit  and  use  of  ftiture  geologists.     But,  while  thus  describing  the' 

Actions  in  their  entirety,  I  aimed  in  each  case  to  give  prominence  to 

sotne  particular  member  of  the  section,  generally  selecting  the  feature 

^Hich  was  best  developed,  and  by  this  method  I  hoped  in  time  to 

^^inpass  the  whole  of  the  drifts,  and  supply  full  details  regarding 

^Very  part  of  them. 

In  pursuance  of  this  plan,  I  described  in  Part  I.,  published  in 
^he  Proceedings  for  1881,*  the  cliff-section  opposite  the  Alexandra 
Hotel,  now  concealed  by  a  sea-wall,  and  dealt  in  that  paper  principally 
^ith  the  cause  of  the  curiously  ragged  junction  of  the  Purple  Boulder- 
clay  with  the  overlying  gravels.     In  Part  II.,  published  in  the 

*  Proo.  TorkBh.  GeoL  and  Polyt.  Soo.,  N.S.  Tii.,  p.  383. 
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Proceedings  for  1882,"^  I  particularized  the  cliff-section  Ijing  to  the 
southward  of  the  harbour,  also  now  in  part  concealed,  and  discussed 
at  length  the  Purple  Boulder-clay,  and  its  zone  of  stratification  with 
associated  sand  and  gravel  In  Part  III.,  published  in  the  Proceedings 
for  1883,t  I  described  the  sections  revealed  during  the  drainage  of 
the  town,  and,  in  my  concluding  notef),  while  to  a  certain  extent 
summarizing  the  results  of  the  previous  papers,  I  sought  chiefly  to 
elucidate  the  beds  lying  above  the  Boulder-clays.  These  I  suppo:^ 
to  be  all  of  iresh-water  origin,  and,  in  speculating  on  the  mode  of 
their  formation,  I  incidentally  suggested  a  theory  t4>  account  for  the 
presence  of  deep  valleys  of  erosion  in  the  now-dry  Chalk  Wolds, 
which  has  since  been  greatly  strengthened  by  fresh  evidence. 

In  the  present  communication  I  puriH)se  to  describe  the  interest- 
ing cliff  section,  exposed  for  a  short  time  through  the  breaking  away 
of  tlie  sea-wall  protecting  the  "  Beaconsfield  Estate"  at  Bridlin^on 
Quay,  which  is  now  again  hidden  by  a  new  and  more  substantial 
erection.  This  section  is  conterminous  on  the  north  witli  that  shown 
in  fig.  1  of  Part  I.,  the  two  uniting  at  the  ravine  known  as  ."  Sands 
Cut."  In  this  instance  the  most  striking  feature  of  the  section  is  the 
unusually  fine  development  of  the  "  Basement  Clay,''  which  I  shall 
therefore  make  the  centre-piece  of  the  paper. 

The  l^crtioH. — The  length  of  the  section  is  '235  yards,  and  it.< 
average  height  a  little  over  30  feet.  Before  the  new  wall  was  built 
tlie  sea  hail  removed  nearly  every  trace  of  the  old  structure,  and  th»^ 
cliff  was  everywhere  fully  exposed  except  for  a  few  yanls  near  ii< 
northern  ternn'nation,  where  the  higher  portion  was  obscured  by 
ruins  of  the  Skating  Rink. 

Glacial  Boulder-clays  and  gravels  made  up  the  whole  of  the 
section  except  towards  the  northern  end,  where  there  was  a  thin 
alluWal  wash  (1  of  fig.  1)  at  the  surface.  The  Boulder-day  was  split 
up  into  three  well-marked  divisions,  corresjmuding  to  the  "  rp]>er 
and  Lower  Purple"  and  **  Basement "  Clays  of  my  previous  papers  : 
and  in  one  or  two  places  there  was  also  a  tendency  for  the  top  division  to 
admit  a  sand-and-gravel-parting  so  as  to  separate  off  an  upper  portion, 


♦  Proc.  Yorkab.  Geol.  and  Polyt.  Soc.  N.S.  viii.,  p.  27. 
t  Ibid,  Yol.  yiii.,  p.  240. 
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correspondiug  to  what  is  known  as  the  "  Hessle  Clay,"  in  sections 
further  south.  Between  the  Basement  and  Lower  Purple  Clays  there 
was  in  some  parts  of  this  section  no  intercalary  bed  whatever,  and  in 
others,  a  very  thin  wash  of  sand  and  gravel  (4b.) ;  but  the  division  was 
in  all  cases  sharply  and  distinctly  marked  by  differences  of  colour  and 
texture.  Between  the  Lower  and  Upper  Purple  Clays  there  was  a  seam 
of  clean-washed  sand  and  gravel  (3c.)  varying  in  thickness  from  a 
mere  trace  to  six  feet.  This  gravel  corresponds  to  the  similar  bed 
(2a.)  shown  in  fig.  2  of  Part  I.,  and  is  probably  on  the  same  horizon 
as  the  '*  stratified  band"  (3c.)  in  the  Purple  Clay  of  the  South  Sands, 
as  described  in  Part  IL  (fig.  1.)  If  it  (were  very  closely  searched, 
waterwom  crumbs  of  shelly  matter  could  be  collected  from  it ;  but 
these  fragments  were  so  small  and  so  rare  that  I  do  not  think  they 
were  any  proof  of  marine  conditions  during  the  formation  of  the  seam. 

The  Boulder-clays  above  the  Basement  Clay  possess  most  of 
their  characters  in  common,  and  are  all  of  the  t3rpe  of  the  "  Purple 
Clay,"  which  has  been  fully  described  in  my  previous  papers.  They 
are  stiff  brownish  or  purplish  clays,  with  a  not  very  numerous 
sprinkling  of  angular,  sub-angular,  and  rounded  stones.  In  the 
lower  band  sporadic  fragments  of  shells  occur,  of  the  same  species  as 
those  found  in  the  Basement  Clay. 

The  various  beds  of  this  section  lay  comparatively  regularly,  and 
showed  few  signs  of  the  confusion  that  existed  in  the  adjoining  cliff, 
where,  as  shown  in  Part  I.,  the  clays  and  gravels  were  almost  inex- 
tricably entangled.  The  interposition  of  Sands  Cut  ravine,  and  the 
obscured  ground  bordering  it,  has  prevented  clear  observation  of  the 
commencement  of  these  disturbances,  but,  as  pointed  out  in  the  con- 
clusion to  Part  I.,  these  movements  probably  took  place  during  the 
formation  of  the  *  Sewerby  Gravels,*  which  are  absent  from  this  section. 
This  absence  of  stratified  beds  above  the  Boulder-clay,  and  the 
correspondingly  greater  development  of  the  clays,  are  the  chief  points 
of  difference  between  our  section  and  those  illustrated  in  my  former 
papers,  Parts  I.  and  II.  This  difference  is  not,  I  think,  due  to 
erosion,  though  erosion,  acting  upon  a  ready-made  feature,  may  have 
accentuated  it. 

The  central  parts  of  the  town  of  Bridlington  Quay  stand  on  a 


278  LAMPLUGH  :  GLACIAL   SEOTIONS  NEAR  BRIDLINGTON. 

boss  or  ridge  of  Boulder-clay,  which  is  bordered  on  the  north  and 
south  by  late-glacial  or  post-glacial  gravels,  as  will  be  at  once  seen 
on  referring  to  the  coloured  map  attached  to  Part  III.  of  this  series. 
An  examination  of  the  same  map  will  also  show  that  this  ridge  of 
Boulder-clay  is  an  almost  direct  prolongation  on  a  lower  level  of  tiic 
high  chalk  feature  known  as  Bessiiigby  Hill,  which  forms  the  south 
slope  of  the  valley  of  the  Gypsey  Race,  their  continuity  being  broken 
only  by  a  narrow  spread  of  stream-gravel  laid  down  by  the  63rpsey 
in  comparatively  recent  times,  and  the  Boulder-clay  below  it  being  as 
the  drainage  sections  showed,  close  to  the  surface.  When  we  remember 
the  faithful  manner  in  which  Boulder-clays  so  frequently  reproduce 
inequalities  of  the  pre-glacial  surface,  these  facts  suggest  that  the 
ridge  of  clay  in  question,  which  is  cut  half  across  by  the  section  we 
are  discussing,  is  moulded  upon  a  direct  east  and  west  prolongation 
of  the  chalk  ridge,  and  that,  were  the  drifts  removed,  the  chalk- 
would  be  found  much  nearer  the  surface  at  this  place  than  on  eitlier 
side,  a  probability  worthy  the  attention  of  well-borers.  And  if  this  be 
so,  we  may  find  therein  additional  proof,  not  indeed  needed,  that  tho 
Gypsey  Valley  (the  *  Main  Wold  Valley '  of  the  interior)  is  cut  lower 
than  the  present  sea-level,  and  that  a  hidden  portion  of  this  valley 
probably  exists  between  our  section  and  the  appearance  of  the  chalk 

in  the  cliff  at  Sewerby. 

The  Basement  Clay. 

History  and  Bibliography. — Before  entering  into  details  with 
respect  to  this  clay,  to  which,  as  I  have  already  stated,  it  is  ray 
intention  to  devote  the  chief  portion  of  this  paper,  I  think  it  will  be 
profitable  to  consider  the  origin  and  use  of  this  term  as  applied  to 
our  Yorkshire  sections.  Setting  a^de  numerous  prior  references  to 
*  Upper '  and  *  Lower '  Boulder-clays  in  Yorkshire,  the  term  '  Basement 
Clay  '  seems  to  have  been  first  used  by  Messrs.  Wood  and  Rome,  who 
in  1868,  in  their  paper  "On  the  Glacial  and  Post-glacial  Structure  of 
Yorkshire  and  Lincolnshire  "  (Quart.  Journ.  Geol.  Soc,  xxiv.,  p.  147), 
describe  under  this  name  **  a  lead-coloured  clay  abounding  in  chalk- 
debris  and  accompanied  by  stones  and  bouldei^s  from  all  sorts  of  rocks.** 
Their  figured  section  shows  this  clay  at  the  cliff-foot  from  Kihisea,  near 
Spurn,  to  Dlmlington,  and  again  from  Siiml-lo-mere,  about  four  mile.- 
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north  of  Withemsea,  continuously  to  Hornsea,  but  not  beyond,  and 
these  are  the  only  places  where  the  bed  is  recognized  by  them.  Later 
researches,  however,  have  made  it  evident  that  the  horizon  which 
Messrs.  Wood  and  Rome  followed  between  Withemsea  and  Hornsea 
is  not  identical  with  that  traced  at  Dimlington,  and  that  if  we 
recognize  in  the  latter  the  top  of  the  true  *  Basement  Clay,'  then  we 
must  regard  the  former  as  pertaining  to  a  higher  horizon,  and  forming 
the  lower  portion  of  the  division,  elsewhere  classed  as  '  Lower  Purple 
Clay.'  In  1870,  Mr.  S.  V.  Wood,  in  a  paper  dealing  chiefly  with  the 
Purple  Boulder-clay  (Quart.  Joum.  Geol.  Soc.,  xxvi.,  p.  90),  refers 
again  to  the  Basement  Clay  in  terms  which  show  that  he  still  confused 
it  with  the  *  Lower  Purple  Clay.'  He  describes  it  as  a  clay  *  full  of 
chalk,'  and  frequently  applies  to  it  the  name  '  Chalky  Clay  *  as  a 
distinctive  title,  whereas,  in  the  Basement  Clay  at  Dimlington  there 
is  less  chalk  than  in  some  other  parts  of  the  section.  Indeed,  it  is 
quite  clear  that  in  this  paper  it  is  to  what  we  have  since  called  the 
*  Lower  Purple '  that  the  term  Basement  Clay  is  applied. 

In  1878,  and  again,  more  clearly,  in  1881,  in  papers  describing 
the  mode  of  occurrence  of  the  so-called  '  Bridlington  Crag,*  I  showed 
(Geol.  Mag.,  dec.  ii.,  vol.  v.,  p.  509,  and  dec.  ii.,  vol.  viii.,  p.  535) 
tliat  the  same  clay  which  fonned  the  base  of  the  cliflf  at  Dimlington, 
which  I  supposed  to  be  the  *  Basement  Clay  *  of  Messrs.  Wood  and 
Rome,  was  undoubtedly  also  present  at  Bridlington,  and  that  the 
chief  characteristic  of  the  bed  in  both  localities  was  to  be  found  in 
its  inclusion,  among  other  foreign  masses,  of  patches  of  fossiliferous 
siind  and  clay  which  formed  the  well-known  shell-beds.  In  1879,  in 
describing  to  this  Society  the  Drift  Deposits  of  Filey  Bay  (Proc. 
Yorks.  Geol.  and  Polyt.  Soc,  vol.  vii.,  p.  167),  I  identified  the 
Ba.sement  Clay,  for  the  first  time  north  of  Flamborough.  in  an 
exposure  on  the  shore,  opposite  to  the  village  of  Reighton,  finding 
there  also  streaks  of  shell-bearing  clay  included  in  it.  Again,  in 
1880,  in  a  paper  published  in  these  Proceedings  (vol.  vii.,  p.  246),  I 
suggested  that  the  Basement  Clayprobably  existed  on  Flamborough 
Head  near  the  Lighthouses. 

In  the  same  year  there  was  published  Part  I  of  an  important 
memoir  by  Mr.  S.  V.  Wood,  "  On  the  Newer  Pliocene  Period  in 
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England/'  wherein  a  new  scheme  of  classification  of  the  drifts  is  pro- 
pounded (Q.  J.  0.  S.,  voL  xxxvi.,  p.  457),  and  the  Basement  Gky  of 
Holderness  appears  to  be  considered  as  the  equivalent  of  the  Cromer 
Till  (a  correlation  which  though  it  cannot  be  looked  upon  as  in  an j 
way  proved,  yet  seems  to  me  the  most  probable  one  yet  suggested). 
In  this  paper  the  author  also  seems  inclined  to  recognize  an 
equivalent  of  the  Basement  Clay  in  the  lowest  clay  of  Filey  and  the 
region  to  the  northward.  In  1882,  in  Part  II.,  op.  cit.  vol.  xxxviii. 
p.  667,  of  the  above-mentioned  memoir,  Mr.  Wood  puts  forward  still 
more  distinctly  this  correlation  of  the  Basement  Clay  with  the 
Cromer  Till,  and  also  the  view  that  this  clay  may  extend  alon^ 
the  coast  northward  irom  Flamborough,  though  it  is  still  argued 
that  the  shell-beds  at  Bridlington  and  Dimlington  are  in  place, 
and  that  the  molluscs  lived  where  they  now  occur. 

In  1884  I  submitted  (Quart.  Jour.  Geol.  Soc.,  vol.  xl.,  p.  312)  an 
account  of  an  exposure  close  to  Bridlington  Quay,  immediately  south 
of  the  section  now  described  of  the  Basement  Clay,  with  an  unusually 
large  proportion  of  shelly  inclusions,  whereby  the  list  of  species  known 
from  the  deposit  was  raised  to  over  100  by  the  addition  of  42  species 
not  previously  recorded,  five  of  these  being  new  to  science. 

In  1885  our  knowledge  of  the  Drift  Deposits  of  Holderness  was 
for  the  first  time  put  upon  a  satisfactory  basis  by  the  publication  of 
the  Survey  Memoir,  written  by  Mr.  Clement  Reid  (Mem.  Geol. 
Survey;  The  Geology  of  Holderness).  In  this  work  the  limits  of  the 
difi'erent  divisions  of  clay  are  clearly  marked  out,  and  a  particularly 
full  description  is  given  of  the  Basement  Clay  and  its  associated 
deposits,  especially  as  regards  their  development  in  the  neighbour- 
hood of  Dimlington.  The  fragmental  and  transported  character  of 
the  shell-beds  is  fully  recognized,  and  lists  of  the  fossils  are  given.  It 
is  also  pointed  out  that  diflieultios  exist  in  believing  that  the  Base- 
ment Clay  thins  out  against  the  chalk-slope  north  of  Bridlington  as 
we  had  generally  supposed. 

Finally,  last  year,  in  a  report  to  the  British  Association  (On  an 
Ancient  Sea-beach  at  Sewerby,  Rep.  Brit.  Ass.  1888,  p.  328).  and 
also  in  another  quarter  (Congres  Geologique  :  Explications  des 
Excursions,  p.  164)  I  mentioned  that  I  had  at  length  been  able  to 
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trace  clearly  the  northward  extension  of  the  Basement  Clay  over  the 
fossiliferous  Sewerby  CliflF-beds,  and  thence  over  the  solid  chalk  :  a 
point  which  it  will  be  my  aim  to  elucidate  still  further  in  the  sequel. 

We  thus  find  that  the  term  "  Basement  Clay,"  first  applied  by 
Messrs.  Wood  and  Rome,  apparently  as  a  descriptive  title,  is  not  now 
used  in  exactly  the  same  manner  as  by  those  authors,  but  is  more 
conveniently  restricted  to  a  dark  earthy  boulder-clay  with  shelly 
inclusions  typically  developed  at  Dimlington  and  Bridlington,  but  of 
whose  extension  in  the  interval  between  these  two  localities  we  have 
no  evidence,  though  it  may  be  supposed  with  probability  to  underlie 
this  interval  at  a  lower  level  than  the  base  of  the  cliflF.  As  thus  defined 
it  can  no  longer  be  described  as  a  chalky  clay,  as  it  contains  consider- 
ably less  chalk  than  does  the  clay  immediately  overlying  it  in 
Southern  Holderness,  with  which  it  has  been  confounded,  and  from 
which  it  appears  to  be  quite  distinct.  This  must  be  borne  in  mind 
in  studying  Messrs.  Wood  and  Rome's  or  Mr.  S.  V.  Wood's  descrip- 
tions. It  is  not  yet  proved  with  what  degree  of  accuracy  we  may  call 
this  clay  the  basement  bed,  since  there  is  a  considerable  thickness  of 
drifts  below  the  sea-level  in  Holderness  of  which  we  know  nothing  ; 
but  my  recent  researches  have  led  me  to  think  that  though  glacial 
conditions  may  have  prevailed  long  before  the  formation  of  this  bed, 
it  was  yet  the  earliest  boulder-clay  deposited  in  the  area.  This  part 
of  our  subject  will  be  discussed  at  length  in  the  concluding  "  notes." 

Description  of  the  Clay, — We  may  now  enter  upon  the  study 
of  the  Basement  Clay,  as  developed  in  our  section.  It  was  here,  as 
usual,  very  heterogeneous  in  character,  and  consisted  of  a  miirtiure, 
more  or  less  intimate,  of  greenish,  earthy  Boulder-clay,  with  pockets, 
streaks,  and  patches  of  sand,  earthy  gravel,  or  tough  clay.  Most  of 
these  inclusions  were  unfossiliferous,  but  a  few  contained  marine 
remains,  and  might  therefore  be  considered  as  forming  portions  of 
the  "  Bridlington  Crag."  These  are  marked  5c.  in  the  section,  fig.  1. 
Though  none  of  these  fossiliferous  patches  attained  the  size  of  those 
which  are  occasionally  exposed  on  the  shore  just  beyond  the  southern 
limits  of  our  section  (described  by  toe  in  Quart.  5oum.  Geol.  Soc, 
xl.,  p.  314),  they  were  yet  large  enough  to  contain  a  numerous  fauna, 
which,  however,  did  not  reveal  itself  to  the  surface-collector,  and 


WeUed  onlr  to  the  drvdc  medicd^  »kpiad  bj  that  indefatigable 
and  eqmennd  vorfcsr,  Mr.  W.  Bl  HeadW.  wbo  took  advantage  of 
the  occasion  to  aenzre  tbre^  or  fjor  tons  of  the  most  promising 
material.  3»>  as  v>  be  aUe  ^^  deal  vhh  it  at  lei>are.  From  that  por- 
tion which  he  has  alreadr  sined.  he  has  obtained  manj  hundreds  of 
specimens  'vhich  hare  been  mf^  consideiatelr  placed  at  mj  disposal 
in  working  oat  the  fiinna^  and  it  i«  more  than  jHobable  that  among 
th»  material  we  shall  find  some  species  new  to  the  list. 

The  cnrioosly  oneqoal  distribution  of  the  species  noticed  in  my 
previous  papers,  was  strikinglj  evident  in  these  beds.  Thus,  several 
fine  unbroken  valve?  of  Ptntuurmlu*  glfcimerif  were  taken  from  a 
small  pocket  of  coarsish  sand  near  the  third  break-water,  and  in  no 
other  part  of  tlie  section  was  this  shell  found  ;  and  again,  while  the 
large  patch  near  the  site  of  the  old  skating  rink  (B  of  section;  cou- 
taine^I  a  lanre  and  varied  fauna,  and  pn:ived  the  richest  part  of  the 
deposit,  there  wa.-*  a  ma.«>  e.vprised  on  the  fore- shore  just  opi)o,site  and 
not  many  yanis  away,  composed  almost  entirely  of  large  valves  of 
Cyprinn  iilandica  crushed  into  angular  fragments. 

The  Boulder-clay  itself  also  contained  many  shell  fragments, 
Tellina  Uilthtca  being  the  most  abundant,  as  it  generally  is  in  the 
Bouldcr-cLiy,  though  this  species  was  not  found  in  any  of  the  patches. 
A  list  of  the  molluscan  fauna  of  these  beds,  partly  compiled 
from  previous  work,  is  given  in  Appendix  A,  p.  294.  Large  numbers 
of  Ostracoda  and  Foraminifera  were  also  noticed,  but  luive  not  been 
detennined.  They  were  probably  of  the  species  recorded  in  Reid's 
Iloldcrness,  p.  22-23,  and  my  paper,  Q.  J.  G.  S.,  xl.,  p.  323-326. 

This  tendency  of  the  Basement  Clay  to  include  patches  of  otlier 
dejiosits  I  regard,  as  mentioned  above,  as  one  of  its  chief  character- 
istics, and  it  is  u  feature  which  distinguishes  it  from  the  Purple  Clay. 
The  inclusions  are  not  always  beds  of  glacial  age,  but  are  sometimes 

*  The  method  OHuallj  followed  by  Mr.  Headley  is  to  break  ap  the  sandy 
and  clayey  material  into  pieces  about  the  size  of  a  walnat,  detecting'  in  this 
wtAge  the  larger  Rpecimens,  and  then  after  thoroughly  drying  and  baking  the 
InmpB  in  the  oven  to  plange  them  while  still  hot  into  cold  water.  Under  this 
treatment  the  material  falls  into  an  impalpable  mud,  and  may  easily  be  passed 
through  a  flne-meshed  sieve,  so  as  to  separate  out  all  the  smaller  shells  and 
shflll-fragments,  along  with  water-worn  pebbles,  spines  of  echinoderma.  tetth 
of  fiib,  and  other  odds  and  ends  that  gather  on  a  sea-bottom. 
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derived  from  the  secondary  formations,  masses  of  Liassic  shale  and 
Neocomian  clay  occurring,  the  former,  among  other  places,  in  Filey 
Bay,"  and  at  Bridlington,!  aiid  the  latter  at  several  places  on  Flam- 
borough  Head.}  The  conditions  under  which  these  masses  of  the 
older  formations  are  found  exactly  parallel,  the  occurrence  of  the 
shell  bearing  patches,  the  original  bedding  being  sheared  and  shaken, 
but  not  obliterated,  tlie  fossils  being  preserved,  though  generally 
fractured,  and  each  mass  forming  an  isolated  *  boulder  *  in  the  clay. 
Some  of  them,  we  know,  must  have  travelled  no  inconsiderable 
distance,  as,  for  instance,  the  patches  of  Lower  Lias  at  Filey  and 
Bridlington,  which  cannot  have  journeyed  for  less  than  several  miles, 
even  if  we  allow  that  strata  of  this  age  may  crop  out  in  the  bed  of 
of  the  North  Sea,  nearer  than  on  the  coast  line. 

With  such  distinct  proof  of  transportation  from  a  distance  in 
some  cases,  we  can  scarcely  resist  the  conclusion  that  in  others  also, 
though  the  evidence  is  less  decisive,  the  beds  are  likewise  far  from  their 
original  positions,  especially  in  the  case  of  the  shelly  patches,  which 
possess  characters  showing  that  they  can  hardly  hav6  been  formed  in 
the  neighbourhood  in  which  we  find  them.  It  has  indeed  been 
suggested  that  the  shelly  patches  may  be  remnants  of  beds  which 
occur  in  places  lower  in  the  section,  but  we  found  nothing  to  sup- 
port this  view  in  the  boring  on  the  foreshore,  presently  to  be  des- 
cribed, and  it  is  still  more  strongly  negatived  by  the  evidence  of  the 
shell-bed  recently  discovered  at  the  South  Sea  Landing,  where 
the  whole  of  the  drift  series  resting  on  solid  chalk  is  exposed 
in  section,  and  where  there  is  not  the  slightest  trace  of  fossils, 
nor  even  of  marine  action  of  any  kind,  in  the  stratified  beds  below 
the  Basement  Clay. 

Thickness  and  Extent  of  the  Basement  Clay. — So  long  as  the 
only  places  where  the  Basement  Clay  could  be  studied  were  the 
limited  sections  of  Bridlington  and  Dimlington,  we  were  unable  to 
prove  whether  its  peculiarities  were  persistent  and  worthy  of  being 
made  the  basis  of  a  division,  or  whether  they  were  nothing  more  than 


♦  Qaart.  Joarn.  Geol.  Soc.,  vol.  xlv.,  p.  680. 
t  Phillips*  Geology  of  Yorkshire,  3rd  ed.,  p.  86,  and  Rep.  Br.  Absoc.  1874.  p.  84. 
X  Proc.  Yorksh.  Geol.  and  Polyt.  Soc ,  N.S.,  vol.  vii.,  p.  244. 
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local  characters  developed  incidentally  in  the  mass  of  drift  depoa 
which  cover  Holderness.  Indeed  there  is  no  doubt  that  it  is  essential 
liable  to  great  local  changes,  and  that  these  changes  are  often  of 
perplexing  nature  ;  but  recent  researches  have  satisfied  me  that  i 
chief  characteristics,  its  earthy  or  sandy  texture,  it^  distinoti 
greenish  or  bluish  colour,  and  its  irregular  composition,  are  preseff 
over  wide  areas,  and  are  sufficiently  marked  to  warrant  its  separali 
from  the  higher  clays,  and  to  demand  special  explanation. 

With  regard  to.  its  thickness  in  our  section  there  was  15  feet 
it  in  the  cliflf  near  the  southern  extremity,  and  the  engineer  for  t 
sea-wall  informed  me  tliat  its  base  was  not  reached  at  this  place  ia 
boring  of  twenty  feet  below  the  cliflf-foot.  At  the  nortliem  ei 
however,  there  was  not  more  than  four  or  five  feet  in  the  cliff,  m 
here,  fortunately,  I  am  able  to  give  exact  information,  as  we  tear 
its  thickness  during  our  investigation  of  the  Sewerby  Cliff  B- 
last  year  by  means  of  the  boring-rods  of  the  Geological  Sur^ 
which  were  most  considerately  ])lace(l  at  our  disposal.  We  select 
a  spot  on  the  foreshore  where  the  clay  happened  to  be  conveniec 
exposed  (marked  by  an*,  fig.  1),  and  there  sunk  through  22  feeti 
dark  Boulder-clay  with  a  tow  silty  streaks,  and  reached  at  that  dew 
fine  chalky  rubble  or  gravel  yielding  a  little  water,  into  which 
bored  for  three  feet  fuiiher.  This  chalkv  stutf  resembled  t 
seen  below  the  Boulder-clav  in  the  clilf-foot  near  Sewerbv,  whence 
traced  it  by  means  of  the  rods  for  some  distance  in  the  direction 
our  section.  There  is,  therefore,  every  j)robability  that  it  was  t 
same  bed,  and  that  we  had  reached  the  base  of  the  clay  in  our  borii 
and  we  may,  therefore,  conclude  that  at  this  placft  the  clay  has 
total  thickness  of  about  30  feet,  and  that  it  rests  on  the  same  dial 
rubble  seen  further  to  the  eastward.  Above  it,  as  alread}'  mentionc 
tliere  is  here  little  or  no  intercalary  material  between  it  and  t 
Lower  Purple  Clay,  but  the  junction  is  nevertheless  so  clear  a 
decided  that  a  knife  might  he  inserted  on  the  ])lane  of  separatic 
But  both  north  and  south  of  Bridlington  Quay,  as  soon  as  t 
Basement  Clay  sinks  below  sea-level,  we  tind  stratified  beds  maki 
their  appearance  at  this  horizon,  consisting,  as  shown  in  my  previc 
papers  (Pt.  I.,  fig.  2,  and  Part  II.,  fig.  1),  of  a  thickish  bed  of  fine 
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laminated  elastic  clay  of  a  brown  colour,  without  stones,  surmounted 
in  places  by  a  bed  of  sand.  At  Dimlington  also  stratified  beds  are 
often  developed  at  this  horizon. 

In  tracing  the  Basement  Clay  southward  from  Bridlington  Quay, 
we  find  that  in  less  than  a  mile  its  upper  surface,  following  no  doubt 
the  slope  of  the  chalk,  sinks  below  low-water  mark,  and  does  not  re- 
appear. In  going  northward,  the  sections  are  extremely  difficult  to 
study,  and  it  is  only  quite  recently  that  I  have  been  able  to  trace  the 
clay.  Indeed  the  section  between  the  outskirts  of  the  town  and  the 
place  where  the  chalk  suddenly  appears  in  the  cliff  at  Sewerby,  a 
distance  of  under  half-a-mile,  has  always  been  to  me  the  greatest 
stumbling-block  in  the  study  of  the  Yorkshire  Drifts.  Along  this  bit 
of  coast  erosion  proceeds jvery  slowly,  probably  owing  to  the  close 
proximity  of  the  sheltering  headland,  and  consequently  the  cliffs, 
being  high  and  fonned  of  loose  and  incoherent  material,  weather 
down  into  long  slopes,  so  tliat  the  structure  of  their  lower  portion  is 
quite  obscured,  and  not  until  the  vertical  cliffs  of  chalk  are  reached 
is  there  usually  any  opportunity  for  seeing  clear  sections  of  the  drift. 
But  it  is  precisely  in  this  hidden  interval  that  the  junction  is 
made  between  the  drifts  of  Flamborough  and  those  of  Holderness, 
and  so  perplexing  are  the  changes  which  occur  in  this  short  space, 
thai  until  they  were  unravelled,  it  was  not  possible  to  identify  with 
any  degree  of  certainty  the  drifts  lying  above  the  chalk  cliffs  with 
those  at  the  lower  levels.  At  Bridlington,  as  just  described,  there  are  at 
least  three  boulder-clays,  and  these  there  is  no  difficulty  in  correlating 
with  the  Holderness  deposits  ;  but  above  the  chalk  at  Sewerby  only 
two  divisions  can  be  traced,  and,  though  further  eastward  these  again 
split  up,  it  has  been  impossible  to  say  what  divisions  are  represented. 
Searles  V.  Wood,  as  we  have  seen,  first  placed  the  whole  with 
the  Purple  Clay,  and  other  writers  followed  his  opinion.  In  his  latest 
paper,  however,  he  seemed  to  admit  the  Basement  Clay  into  these 
sections;  but,  apparently,  no  new  evidence  had  been  acquired,  and  the 
grounds  on  which  it  was  now  recognized  were  as  unsatisfactory  as 
those  on  which  he  had  previously  based  its  exclusion.  But  last 
year,  thanks  partly  to  our  borings  and  excavations  into  the 
Buried  Cliff  Beds,  and  still  more  to  a  stormy  sea  and  high  tide, 
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which  stripped  away  the  shingle  off  the  shore,  and  washed  a  clear 
section  at  the  baoe  of  the  cliff  (too  soon  again  obscured),  I  was  able 
to  carry  the  lines  across  this  region  of  diiBculties,  and  to  emerge  with 
them  clear  on  the  other  side  where  it  is  comparatively  easy-going. 
As  I  now  read  the  section  in    this  space  the  Upper  and  Lower 
divisions  of  the  Purple  Clay  come  together,  owing  to  the  fading  out 
of  the  intermediate  gravel,  and  tliese  form  the  Upper  Clay  at  Sewerby. 
The  laminated  clay  below  the  Purple  Clay  thins  out  or  passes  into  a 
contorted  mixture  of  chalky  gravel  and  stratified  Boulder-clay,  and 
the  Basement,  with  some  local  change  in  character,  and  especially  in 
the  nature  of  its  inclusions,  which  become  chiefly  sub-angular,  chalky 
nibble  rises  into  the  cliff  foot  as  we  approach  Sewerby,  and  finally 
mounts  to  the  top  of  the  chalk  by  a  long  slope,  whereon  it  is  seen  to 
over-ride,  and  partly  to  inosculate  with  the  thick  chalk-nibble  whicli 
lies  over  the  Buried  Cliff-beds  and  over  the  solid  chalk  ;  and  it  is  clear 
now  that  the  lowest  Boulder-clay  between  Sewerby  and  Daiie^  Dyke, 
seen  in  section,  at  heights  varying  from  30  to  80  feet  above  sea  level, 
is  the  Bc'isenient  Clay.     At  Danes  Dyke,  the  cliff  intersects  a  pre- 
glacial  valley,  which  has  been  filled  in  with  a  great  accumulation  of 
glacial  sand  and  gravel,  and  afterwards  partly  re-excavated,  a  feature 
observable  at  several  other  places  on  the  headland .     On  the  west 
side  of  this  valley  the  Boulder-clays  thin  away  into  nan*ow  bands, 
and  the  greater  part  of  the  drift  consists  of  gravels,  some  chalky, 
and  othei-s  chalkless,  or  nearly  so,  but  on  the  east  side  we  are  able 
again  to  recognize  the  Ba^^ement  (Jlay,  and  to  follow  it  without 
interruption  for  another  mile,  to  the  South  Sea  Landing,  where  again 
the  phenomenon  of  a  buried  pre-glacial  valley  presents  itself.     The 
section  at  this  point  becomes  very  complicated  and  difficult  to  corre- 
late, but  the  opportune  discovery  last  summer  of  a  seam  of  greenish 
sand  with  glacial  shells  in  a  band  of  Boulder-clay  on  the  further 
side  of  the  hollow,  not  only  yielded  the  needed  clue,  but  confiniied 
beyond  doubt  the  presence  of  the  Basement  Clay  in  these  clift's. 
The  fossiliferous  sand  occurs  as  a  narrow  contorted  streak,  surrounded 
by  a  few  inches  of  fine  plastic  clay,  in  which  the  original  bedding  ii^ 
nearly  obliterated  by  the  numerous  planes  of  shearing,  the  whole 
being  embedded  in  a  narrow  band,  at  this  point  six  feet  thick,  of 
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stoney  Boulder-clay,  which  thickens  considerably  in  one  direction, 
and  passes  into  the  nonnal  lower  Boulder-clay,  and  in  the  other  tapers 
away  and  disappears  between  stratified  beds.  It  is  most  instnictive 
tx)  find  that  in  this,  the  only  instance  in  which  we  have  been  able  to 
study  the  shell-bearing  i)atches  in  full  section,  and  to  see  the  base  of 
the  drifts  below,  that  though  there  are  stratified  beds  lower  in  the 
series  these  are  quite  different  in  character  from  the  fossiliferous 
sand,  contain  no  fossils,  and  are  probably  not  of  marine  origin, 
thus  lending  no  countenance  to  the  view  that  the  shelly  patches  have 
been  derived  from  beds  immediately  underlying  the  Boulder-clay.  A 
full  description  of  this  interesting  section  will  be  found  in  a  recent 
number  of  the  Geological  Magazine. 

From  the  South  Sea  Landing  the  Basement  Clay  may  be  followed 
eastward  almost  step  by  step  to  the  Lighthouses  at  the  most  easterly 
point,  where  it  is  largely  made  up  of  the  debris  of  the  Speeton  Clay,'*' 
sometimes  indeed  without  other  admixture,  and  thence,  turning  west- 
ward we  trace  it,  with  curious  local  aberrations,  through  the  buried 
valleys  of  the  North  Sea  Landing  and  Thorn  wick  Bay.  Beyond  lliorn- 
wick,  however,  when  we  reach  the  rising  ground  which  leads  to  the 
high  cliffs  of  Bempton,  Buckton,  and  Speeton,  we  find  the  lower  clay 
grows  thin  and  indefinite,  with  a  constant  tendency  to  pass  into 
gravels,  but  on  descending  at  Speeton  there  is  little  difficulty 
in  again  identifying  it,  and  in  following  it  northward  across  Filey 
Bay ;  and  I  believe  that  it  extends,  with  some  local  interruptions, 
past  Scarbro',  Whitby,  and  Saltburn.  I  have  not  yet  examined  the 
sections  lying  north  of  the  Tees.  Thus  we  find  that  in  most  of  the 
clifl'  sections  of  the  Yorkshire  Coast  tliere  is  a  bed  with  well-marked 
characteristics,  which,  though  beds  of  glacial  origin  occasionally  occur 
below  it,  is  the  lowest  of  the  series  which  can  be  called  a  boulder 
clay  ;  and  this  bed  is  therefore  well-described  by  the  term  Basement 
Clay.  Before  giving  the  inferences  to  which  I  have  been  led  in 
studying  this  clay,  I  will  add  a  few  notes  on  its  contained  boulders. 

Boulders  of  the  Basement  Clay. — There  are  decidedly  fewer 
large  boulders  in  the  Basement  Cla}^  than  in  the  Purple,  but  the 
number  of  small  stones  is  quite  as  great,  and  these  present  an  extra- 
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ordinary  diversity.  Besides  fragments  from  nearly  every  stratified 
formation,  there  are  innumerable  igneous  and  metamorphic  rocks 
which  the  skilled  petrologist  alone  can  determine.  I  made  a  large 
collection  of  these  boulders  from  the  present  section  and  fix)m  that 
ilhistrated  in  Part  II.,  and  a  list  of  the  rocks  identified  within  this 
limited  area  is  given  at  the  end  of  this  paper  (Appendix  B).  The  list 
might  have  been  almost  indefinitely  lengthened  if  it  were  possible  for 
me  to  define  accurately  minor  differences  in  the  igneous  rocks. 

Fortunately  through  the  kindness  of  Mr.  A.  Harker,  M.A., 
F.6.S.,  Fellow  of  St.  John's,  Cambridge,  I  have  been  able  to  place  a 
few  of  the  most  interesting  specimens  into  thoroughly  qualified  hands; 
and  in  Mr.  Marker's  valuable  notes  which  are  appended  to  my  paper 
(Appendix  o),  will  be  found  exliaustive  petrological  descriptions  of 
some  of  tlic  selected  fragments  which  have  been  sliced  and  examined 
microscopically.  Mr.  Ilarker  indicates,  «is  have  all  previous  observers, 
a  widely  diverse  origin  for  the  pebbles,  and  thinks  that,  though  not 
many  of  tlie  rocks  can  be  precisely  localised,  there  are  amongst  them 
some  probably  from  Scandinavia,  others  from  the  Cheviots,  and 
others  from  the  South  and  even  perhaps  from  the  West  of  Scotland. 
But  as  I  shall  presently  show,  these  smaller  pebbles  though  very 
interesting,  are  not  safe  guides  to  the  actual  direction  of  the  ice-flow, 
and  I  think  that  the  study  of  the  larger  boulders  of  the  drifts  on 
which  I  am  at  present  engaged,  and  in  which  also  I  have  received 
promises  of  invaluable  aid  from  Mr.  Ilarker,  is  more  likely  to  yield 
information  on  this  point.  An  inst-aluient  of  this  work  will  be  found 
in  the  present  volume  of  the  Proceedings  of  this  Society. 

It  remains  now  to  give,  as  on  former  occasions,  some  inferences 
with  regard  to  the  Basement  Clay  to  which  I  have  been  led  by  the 
study  of  the  sections. 

Notes  and  Inferences.  —Nothing  could  be  clearer  than  that  the 
scrapings  of  a  sea-bottom  have  been  incorporated  in  the  Basement 
Clay  ;  and  in  these  sections  one  may  study  almost  every  process  in 
its  manufacture.  It  is  easy  to  recognize  in  the  curved  and  contorted 
fragments  of  beds,  which  the  Basement  Clay  contains,  the  raw 
material  that  went  to  the  making  of  it,  and  one  finds  this  material 
in  every  stage,  from  that  on  which  its  original  structure  and  organic 
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contents,  if  any,  are  preserved,  to  that  in  which  all  trace  of  its 
former  condition  is  obliterated,  and  the  substance  is  no  longer 
distinguishable  from  the  mass  of  the  boulder-clay.  These  sections, 
indeed,  present  many  examples  of  the  boulder-clay  in  a  state  of 
arrested  development,  and  in  examining  them  we  may  follow  the 
life-history,  as  it  were,  of  that  deposit.  The  raw  material  has 
clearly  been  most  heterogeneous  in  character,  and  nothing  has  come 
amiss  to  the  powerful  engine  which  rolled  out  these  clays.  Sand, 
gravel  or  silt;  clay,  shale  or  solid  rock;  no  matter  of  what  age,  whether 
old  Secondaries  scooped  out  of  the  North  Sea  floor,  or  contem- 
poraneous morainic  matter  only  just  laid  down  in  front  of  the  advancing 
sheet,  all  alike  passed  into  the  mixer  and  were  more  or  less  com- 
pletely reconstructed. 

So  far  all  is  clear  enough,  but  when  I  try  to  conceive  how  the 
soft  shales  and  incoherent  sandy  beds  ca.me  to  be  taken  up  from  the 
sea  bottom  and  transported,  as  most  undoubtedly  they  have  been,  for 
long  distances,  difiiculties  arise,  and  I  fail  to  reach  a  safe  conclusion. 
Were  the  beds  littoral,  one  might  suppose  that  floating  ice  from  the 
ice-foot  assisted  in  the  work  by  removing  and  carrying  portions  of  the 
beach  deposits  to  places  in  wliich  they  were  afterwards  overtaken  jmd 
over-ridden  by  the  steady  forward-creeping  land-ice  ;  but  many  of  the 
sliells  indicate  comparatively  deep  water,  and  may  have  come  from 
ahnost  an}^here  in  the  bed  of  the  southern  part  of  the  North  Sea. 
Moreover,  the  evidence  is  distinctly  in  favour  of  the  view  that 
these  incoherent  masses  became  actually  embedded  in  the  ice,  and 
rose  with  it  to  the  higher  levels,  just  as  we  know  the  solid  boulders 
have  sometimes  done  ;  but  how  this  was  eff'ected  I  cannot  make  out, 
unless  we  may  imagine  that  '  anchor-ice '  had  formed  and  afiixed 
itself  to  the  sea  bottom  before  the  encroachment  of  the  land-ice,  with 
wliich  it  afterwards  combined.  But  however  the  removal  of  the  beds 
came  about,  the  strong  presumption  that  they  were  in  some  way 
or  other  actually  embedded  in  the  ice-sheet  is  a  point  which  must 
not  be  lost  sight  of  in  studying  the  glacial  gravels.  These  must 
have  been  derived  in  great  part  from  the  ablation  of  the  ice,  and 
if  the  ice  contained  marine  shells  we  may  be  sure  that  traces 
of  such  shells  would  be  found  in  the  gravel  formed  from  it,  though 
laid  down  by  fresh  water  at  elevations  far  above  sea-level. 


290  LAMPLUGH  :   GLACIAL  SBCTI0K8  NEAR  BRIDLINGTON. 

It  is  well  known  how  keen  has  been  the  discussion  as  to  the 
origin  of  the  high-level  shelly  drifts  of  Moel  Tryfaen,  Macclesfield, 
and  other  places,  and  if  it  can  be  shown  that  the  ice  which  reached 
these  places  was  charged,  as  that  of  East  Yorkshire  seems  almost 
C'Crtainly  t-o  have  been,  with  the  spoils  of  a  sea  bottom,  the  explana- 
tion of  the  slielly  drift  will  be  simple  enough. 

Another  feature  which  may  be  exi)lained  by  the  formation  of  the 
Boulder-clay  from  the  bed  of  an  Arctic  sea  is  the  above-mentioned 
extraordinary  diversity  of  the  boulders.  As  lleid  has  pointed  out,* 
the  gathering  in  of  these  boulders  has  evidently  been  a  complex 
process.  The  presence  in  the  Boulder-clay  of  well-rounded  beach- 
pebbles,  and  of  Photos — and  Saxicava — bored  limestones  proves  that 
many  of  the  erratics  must  have  lain  for  some  time  on  a  sea-bottom, 
whither  no  doubt  they  were  dropped  in  the  first  place  by  floating  ice, 
for  tlie  fauna  of  the  shell-beds,  the  character  of  their  pebbles,  and 
other  signs  are  convincing  evidence  for  the  rigorous  climate  which 
prevailed  during  their  formation.  And  before  the  land  ice  reached 
any  given  areii  of  this  sea-bottom,  we  may  be  sure  it  had  been  crossed 
and  re-crossed  by  the  floating  ice  with  which  the  enclosed  North  Sea 
must  have  been  cumbered.  This  floating  ice,  carried  hither  and 
thither  by  wind  and  tide,  would  scatter  its  burden  at  random,  and 
cause  a  very  miscellaneous  accumulation  even  before  the  piissage  of 
the  land-ice  ;  which,  in  turn,  would  intensify  the  diversity  parti}'  by 
the  addition  of  new  material,  and  partly  by  still  further  mingling  the 
old.  Wherefrom  it  follows  that  we  must  not  place  much  confidence 
in  the  evidence  gleaned  from  the  erratics  as  to  the  actual  direction 
and  distance  which  the  ice-sheet  has  traversed. 

It  has  been  for  many  years  a  favourite  opinion  of  glacialists  that 
our  Yorkshire  Drifts  are,  as  a  whole,  newer  than  those  of  Norfolk  and 
the  Eastern  Counties,  the  supposition  being  that  the  more  southerly 
region,  being  nearer  the  periphery  of  the  ice,  preserves  beds  of  older 
date  than  the  area  further  north,  wherein  prolonged  glaciation  is 
supposed  to  have  destroyed  all  the  relics  of  the  earlier  stages. 
But  I  think  there  are  no  grounds  for  this  assumption  ;  and  although 
the  later  Tertiaries  are  wanting  in  Yorkshire  the  reason  is  that  this 


♦  Survey  Memoirs,  "  Cromer,"  p.  90,  '*HoldemeM,"  p.  43. 


LAMPLU6U  :  GLACUL  SECTIONS  NEAR   BRIDLINGTON.  291 

area  formed  a  land-surface  during  that  period,  and  in  the  cliflF  sections 
we  still  i)08sess  a  full  record  of  the  glacial  period  from  its  commence- 
ment to  its  close. 

I  \vill  summarize  the  evidence  which  leads  me  to  conclude  that 
there  was  practicall}'  no  glacial  deposit  in  Eastern  England  hefore  the 
formation  of  the  Basement  Clay.  It  needs  no  lengthy  study  of  the 
drifts  to  discover  that  the  chief  work  of  the  ice  on  the  low  ground 
was  to  spread  out  sheets  of  rudely  stratified  deposits,  which  lie, 
broadly  speaking,  conformable  to  one  another  ;  and  it  is  only  on  rare 
occasions  that  proof  of  any  serious  or  wide-spreati  erosion  presents 
itself.  And  I  do  not  see  on  what  grounds  we  can  suppose  that 
the  earlier  would  differ  from  the  later  phases  of  glaciation  in  this 
characteristic,  which  is  clearly  one  of  the  results  of  the  physical 
geograjihy  of  the  region,  and  not  therefore  liable  to  alteration 
under  similar  conditions  ;  therefore  if  any  wide-spread  deposit  of 
glacial  age  older  than  the  Basement  Clay  had  ever  existed  in  this  area, 
I  am  of  opinion  that  we  should  most  assuredly  have  discovered  the 
proof  of  it.  Instead  of  that  we  find  that  the  ice  which  formed  the 
Basement  Clay  almost  certainly  i)assed  over  a  floor  of  bare  Secondaiy 
Rocks,  save  where  they  carried  a  thin  covering  of  marine  beds, 
which  were  practically  contemporaneous  ;  (for  there  are  strong  reasons 
for  thinking  that  the  shells  of  the  fossiliferous  beds  were  alive 
very  shortly  before  their  transpoi-tiition).  How  otherwise  can  we 
explain  the  fragments  of  Secondaries  which  the  ice  has  seized  upon  to 
aid  in  the  formation  of  its  biisal-moraine.  It  cannot  be  urged  in  ex- 
planation that  the  transported  Secondaries  may  liave  formed  protu- 
berant bosses  projecting  above  the  general  level  of  a  drift-covered 
surface  for  they  are  chiefly  of  shale  and  clay,  which  might  fonn  flat 
ground  or  hollows,  but  not,  under  ordinary  denudation,  hills  or 
projections. 

Another  argument  in  favour  of  the  early  glacial  age  of  the  Base- 
ment Clay  may  be  deduced  from  its  close  relationship  to  the  chalk- 
rubble  on  Flamborough  Head.  This  rubble,  which  appears  to  be 
of  glacial  origin,  can  only  have  been  formed  when  the  chalk  lay 
uncovered  and  exposed,  as  it  has  probably  never  done  since  the 
beginning  of  the  formation  of  boulder-clay  in  the  locality.     It  is 
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curious  how  persistent  all  over  England  and  Scotland  is  this  nibble 
of  the  local  rock  at  the  base  of  the  drift  series.  The  reason  of  the 
striking  distinction  which  fretiuently  occurs  between  it  and  the  over- 
lying glacial  beds,  especially  with  regard  to  the  quantity  of  extraneous 
material  they  c-ontain,  is  not  very  easy  to  explain  when  they  are  both 
regardeil  as  moniine  pro/ond^,  and  we  have  in  this  comparison  one  of 
the  many,  yet  unexplained  problems  of  glaci;d  geology. 

Again,  on  both  sides  of  Flaniborough  Head,  at  Sewerby,  and  at 
Speeton  we  find  the  relics  of  marine  beds  below  the  Basement  (.'lay 
and  it8  associated  chalk-rubble,  that  ap^iear  t^)  have  aecumulati'tl 
before  there  was  any  boulder-clay  existing  in  the  neighbourho(Ml. 
(the  few  drift  pebbles  in  the  old  beach  at  Sewerby  I  regard  as  the 
product  of  drifting  ice),  and  these  prove  an  open  sea,  a  shore-line,  and 
a  laud-surface  tenanted  by  numerous  large  mammals,  such  as  the 
elepluint,  rhinoceros,  hippopotamus,  bison,  etc.,  at  a  }KTiod  n<it  lou;,^ 
anterior  to  the  formation  of  the  Ba>4ement  ('lav,  the  relative  level  of 
land  and  sea  not  l)eing  very  difl'erent  from  what  we  lind  at  present. 

It  may  be  urged  that  we  could  hardly  expect  that  the  first  dejMi.sit 
of  the  age  would  be  a  bed  cont^'uning  proof  of  such  extreme  glacial 
cnnditions  as  the  Basement  Clav.  But  I  believe  that  a  carefid  stuilv 
of  the  physical  geography  of  the  region  will  dispose  of  this  objection, 
by  showing  that  the  area  was  incapable  of  initiating  for  itself  a 
cysteiii  of  glaciation,  and  consequently  remained  ])ractically  unglaci- 
ated  until  the  arrival  upon  the  coast  of  the  great  mass  which  had 
crept  on  slowly  from  the  north  and  east.  However,  this  is  a  point  which 
I  reserve  for  further  discussion  \\\Km  a  future  occasion. 

If  we  can  indeed  satisfactorily  establish  that  the  Bfisement  Clay 
and  its  associated  beds  have  been  the  first  de[)osit  of  the  glacial  periinl 
in  Kast  Yorkshire,  we  shall  have  materially  simplified  the  study  of 
that  period  in  Kistern  England.  We  could  then  accept  the  Speeton 
Kstuarine  Shell-bed  and  the  Sewerby  Buried  Clifl-beils  as  pre-  or  early 
irlacial  (suh-tjhtcial),  and  compare  them  with  l)eds  found  at  similar 
levels  and  under  somewhat  similar  conditions  below  the  drlft^  of 
XoHolk,  while  in  the  Bjisement  Clay  itself  we  should  recognize  the 
equivalent  of  the  Cromer  Till.  But  more  work  must  be  (b)ne  l>efore 
we  can  place  any  such  correlation  on  a  really  satisfactory  basis,  and  it 
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is  first  especially  necessary  to  find  out  what  relationship  exists 
between  the  upper  members  of  the  series  in  the  two  regions. 

Another  point  wortliy  of  attention  in  our  section  is  the  great 
irregularity  of  the  upper  surface  of  the  Basement  Clay  and  the 
absence  of  the  .stratified  bed  seen  to  overlie  it  in  the  clifts  to  the  north 
and  t^  the  south.  The  question  arises  whether  this  is  due  to  unequal 
deposition  or  to  erosion,  and  to  this  question  it  is  difiicidt  to  give  a 
decisive  answer,  though  1  think  the  evidence  favours  the  view  ofunetjual 
deposition.  The  shearing  of  the  cracked  boidder  at  tl le  top  of  the  Base- 
ment Clay,  shown  in  Hg.  2,  indicates  that  there  has  been  sliding  pressure 
applied  to  the  surface  of  the  bed  such  as  miglit  well  eflfect  erosion, 
and  the  character  of  its  junction  with  the  Purple  Clay  in  the  adjoin- 
ing section  (see  fig.  1,  Part  I.)  seems  to  show  a  considerable  disrup- 
tion of  its  surface,  so  that  stratified  beds  may  have  existed  and  have 
been  afterwards  removed.  But  on  the  other  hand  the  Laminated 
Clay  seems  always  to  have  been  a  low-level  deposit,  for  on  neither 
side  of  the  town  does  it  rise  above  the  level  of  the  highest  tides,  and 
when  favourable  circumstances  enabled  me  to  ti-ace  it  towards 
Sewerby,  it  appeared  to  pass  into  chalky  gnivel  and  stratified  stoney 
boulder-clay  when  it  left  the  beach.  It  cannot,  therefore,  be  used  as 
evidence  of  wide-spread  atiueous  denudation  and  deposition  at  this 
period.  Tlie  Yorkshire  Boulder-clays  were  evidently  deposited  very 
unequally,  being  piled  up  in  one  place  and  scarcely  developed  at  all  in 
another,  and  they  nmst  have  been  left  with  an  extremely  irregidar 
and  uneven  surface.  This  has  no  doubt  in  some  cases  been  intensi- 
fied by  later  erosion,  but  the  drainage  of  Holderness  since  the  glacial 
period  has  been  so  sluggish  that  the  erosive  work  performed  by  it 
cannot  have  been  great. 

Whether  it  be  believed  that  the  Basement  Clay  is  the  product 
of  land-ice  or  of  floating-ice,  it  is  very  evident  that  in  either  case  the 
current  which  deposited  it  came  down  from  the  northward  or  north- 
east. On  the  north  side  of  Flambro*  Head,  as  shown  by  certain  very 
interesting  surface-contortions  in  the  chalk  near  Selwicks  Bay,  its 
course  seems  to  have  been  from  almost  due  north  ;  but  on  the  south 
side  it  may  in  places  have  been  from  nearly  due  east,  and  at  Bridling- 
ton Quay  from  the  north-east^     In  studying  the  drifts  of  the  headland 
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I  have  been  greatly  impressetl  by  the  effect  which  the  clilfs  of 
the  northern  side  (ab«)ut  400  feet  high)  liave  liad  iu  (Hverting  tlie 
ice-current.  It  is  clear  that  during  the  greater  part  of  the  glacial 
period  the  ice  in  this  h)cality,  though  it  seems  to  have  slightly  over- 
topiwd  these  cliffs,  was  cert^iinly  not  thick  enough  to  over-riile  them; 
conse<iuently  it  is  very  improbable  that  the  Wolds  were  ever  coveretl, 
and  indeed  I  think  that  I  have  accumulated  sufficient  evidence,  to  be 
made  use  of  hereafter,  to  prove  that  they  were  not. 

Appendix  A.^ 

list  of  shells  fkom  the  basement  buulder-c'lay,  and  its 
included  masses  of  sand  and  clay  at  bridlington  quay  and 

flamborougu  south  landing. 

MoTin. — Shells  marked  thus  f,  mentioned  in  previonB  lists  have  not  yet 
come  under  my  own  observation.  The  following^  signs  indicate  the  relative 
abundance  of  the  shells  at  Bridlington,  v c,  very  common;  r,  common; 
r.,  rare;  v.r.,  very  rare.  Species  marked  ||  occurred  chit-fly,  if  not  solely,  in  the 
sandy  seam  near  the  third  breakwater.  Species  not  now  living  are  distinguished 
by  two  asterisks,  thus  **. 


v.r. 


c. 
c. 

r. 
c. 

v.r. 
lie. 
r. 

lie. 
v.r. 
v,r. 
v.r. 
v.r. 
r. 
c, 
c. 

v.r. 
c. 


Bhachiopoda. 
UbynchoDclla  psittacea,  Chemnitz. 

CONCBIFEBA. 

Anomiii  cphippium,  Lin. 

var.  acnleutu 

viT/*.  8(|uaiDuIa 
Pecten  islandicus,  Miller. 

pes  lutrae,  L. 

0})ercularih,  L. 
Mytilus  edulis,  L. 

modiolus,  L. 
Grenella  decussata,  Mont. 
Leda  miDuta,  Miill.    ... 

var.  buccata 
Leda  tenuis,  Philippi ... 

lenticula,  MoU. 

limatula.  Say. 

intermedia,  M.  Sars. 

l)ernula,  Miill. 
Nucnia  Cobboldia},  Leathes 


!    Brid-    iFlambro' 
I  lingtun  ,    South 
Quay.    Landing 


4- 

•■ 

♦ 

•  •  • 

4^ 

>  m 

♦ 

* 

■  • 

• 

■  •  ■ 

«> 

■  • 

« 

*. 

9 

• 

■  • 

* 

•  •  ■ 

* 

■  • 

* 

•  ■  • 

* 

■  •  * 

♦ 

■  •  • 

* 

9 

• 

•  •• 

* 

•  •  • 

* 

•  •  • 

r 

1  Note— The  Bridliugton  list  is  based  chiefly  on  the  catalogues  given 
by  Dr.  J.  Gwyu  Jeffreya  in  Phillip's  Geol.  of  Yorksh..  3rd  ed.,  p.  274,  and  in 
the  api>en(iix  tu  my  paper  in  Quart.  Journ.  GeoL  Soc.  zl.,  p.  319;  and  by 
Clement  Reid  in  Survey  Mem.  *'  Holderness,"  p.  23. 
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Brid- 
lington 

Flambro* 
South 

CONCIIIFEBA. 

» 

Quay. 

Landing. 

I'.r. 

Nacula  nucleus,  L. 

•  •  • 

■  •  « 

* 

t    tenuiB,  Mont. 

•  •• 

•  •  • 

« 

f         var.  inflata 

«•  • 

•  •• 

« 

II  '■• 

FectuuculuB  glycymeris,  L. 

•  •  • 

•  •• 

♦ 

c. 

Montacuta  Dawsoni.  Jeff. 

•  •  • 

•  •  • 

« 

v.r. 

Axinopeifi  orbiuulata,  G.  0.  Sars. 

•  •  • 

•  •  • 

* 

r. 

Cardium  groeulandicum,  Ch.  ... 

•  •  • 

•  •  • 

« 

« 

r. 

ifilandicufl),  L. 

•  • 

•  •  • 

4> 

\^' 

edule,  L. 

•  •  • 

•  •• 

♦ 

C. 

Cardita  boreal  is,  Conrad. 

•  ■  • 

•  •  ■ 

« 

V  c 

Cjrprina  ielandica,  L. 

•  •  • 

•  •• 

* 

* 

c. 

ABtarte  sulcata,  Da  Costa 

•  •• 

•  • 

* 

« 

e. 

var.  elliptica 

•  •  • 

■  •  • 

w 

v.c, 

borealis,  Ch. 

•  •• 

•  •  • 

« 

« 

c. 

var.  mutabile 

■  •• 

•  •  • 

« 

r. 

var.  Withami 

•  •  ■ 

•  •  ■ 

* 

l\C. 

compressa,  Mont. 

•  •  • 

•  •  • 

* 

« 

v.r. 

var.  striata 

•  •  • 

•  •  • 

« 

* 

t    depressa,!  Brown 

•  •  • 

•  •  ■ 

* 

f  Venus  fluctuosa,  Gould 

■  •  • 

•  •• 

th 

V.r. 

ovata,  Tennant 

•  •  • 

•  •  • 

* 

v.c.     \ 

Tellina  balthica,  L. 

•  •  • 

■  •  • 

* 

H  Boulder 

Clap.       J 

. 

C. 

calcaria,  Ch. 

•  •  • 

•  • 

* 

r. 

obliqua,?  J.  Sow.... 

•  •• 

•  •  • 

* 

v.r. 

pnsilla,  Phillippi   ... 

•  •• 

•  • 

fDonax  vittatus,  Da.  C. 

•  •• 

•  •  • 

« 

ii  <^- 

Mactra  solida,  L.  var.  elliptica  .. 

■  •  ■ 

•  •• 

* 

i  v.r. 

Solen  ensis,  L. 

•  •  • 

•  •  • 

« 

c. 

Corbula  gibba,  Olivi  ... 

•  •• 

«  •  • 

* 

v.r. 

pusilla,  Phillippi   ... 

•  •  • 

•  •  • 

* 

fThracia  prcetenuis,  Pult. 

•  •  • 

•  •• 

• 

pube8cens,3  Pult.... 

•  •  • 

•  •• 

♦ 

v.c. 

Mya  truncata,  L. 

...   • 

•  •  ' 

t 

* 

c. 

var.  uddevallensis 

•  •  • 

•  •« 

Ik 

« 

t    arenaria,  L. 

•  •  • 

•  •  • 

* 

v.c. 

Saxicava  norvegica,  Spengler  ... 

•  •  • 

•  •  • 

* 

« 

v.c. 

rngosa,  L. 

•  •• 

■  •  • 

« 

« 

C.r. 

i'holas  crispata,  L. 

SOLENOCONCHIA. 

■  •  • 

■  •• 

♦ 

lie. 

Dentalium  en  talis,  L . . . . 

•  •  ■ 

•  ■• 

« 

c. 

striolatum,  Stim^won 

Gastropoda. 

•  •  • 

•  •• 

* 

* 

v.r. 

Lepeta  cceca,  Mtill 

•  •  • 

•  •• 

* 

r. 

PuDcturella  noachina,  L. 

•  • 

•  • 

m 

v.c. 

Trochns  varicosuB,  M.  &  A. 

■  •  ■ 

•  •  ■ 

1 

1  I  have  found  this  shell  at  Dimlington,  but  not  yet  at  Bridlington. 
f  It  is  disputed  whether  Nacuia  Cobboldiw  and  Tellina  ohUqtia  are  extinct  or  not. 

^  I  have  found  this  shell  at  Dimlington  only. 
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Oabtropoda. 

r. 

TroohuB  oinereuH,  Couth. 

«•  • 

v.r. 

cinerarioA,  L. 

■  ■  ■ 

II  v.r. 

zixyphiDUB,  L. 

•  •  • 

vr. 

GroRnUndicQB,  Ch. 

■  •  • 

c. 

Ijacuna  divnrJcata,  Fabr. 

•  •  ■ 

orasaiori  Mont.    ... 

•  •  • 

r. 

Littorioft  obtusata,  L. 

•  ■  • 

r. 

var. 

•  •  • 

r 

ginboea,  Jeffr. 

■  • 

r. 

rudis,  Mnton 

■ « ■ 

r. 

litoreo,  L. 

•  •• 

r. 

Biaaoa  anbperf orata, '  Jeffr. 

•  •  • 

c. 

Wyville-ThomBoni,  Jeffr. 

•  •• 

r. 

var. 

■  •  • 

r. 

parva,  Da-Goata    ... 

•  •  • 

r. 

var.  interrapta 

■  •  • 

r. 

striata,  Ad. 

•  •  • 

• 

f Turritella  terebra,  L. 

■  • 

v.c. 

eroea,  Gonth. 

•  •  • 

r. 

Scalaria  gruBnlandica,  Gh. 

■  •  • 

v.t. 

OdoBtomia  cooBpicaa,  Alder. 

•  •  • 

c. 

Natica  groenlaDdica,  Beck 

«  •  • 

v.r. 

islandica,  Gm. 

•  •  • 

v.c. 

affinis,  Gm. 

■  •  • 

r, 

var.  occlusa 

»  •  • 

t    Montncoti,  Forbes 

•  • 

r. 

Amaora  salcosa,  Leohe 

•  •  • 

r. 

Menestho  albula.  Fabr. 

■  • 

w.>\ 

Trichotropis  borealis,  Broil,  and  Sow. 

J*. 

Parpara  lapillus,  L. 

c. 

Baccinum  undatum,  L. 

r. 

groenlandicum,  Gh. 

r. 

Troplion  clathratas,  L. 

r. 

V(ir  GaDneri 

r. 

var.  tmncata 

t    Fabricii,  Beck 

t     latericeus,  Miill 

r. 

FasuB  dcspectuB,  L. 

c. 

curtuB,  Jeffr. 

var.  expansa 

c. 

Kroyeri,  Moll. 

t    Leckenbyi.  S.  V.  Wood 

j    Bpitzberg-enBi's,'  Reeve 
t    propinquuB,  Alder. 

r. 

1 

Sarsi,  Jeffr. 

Brid- 
lington 
Quay. 


...I 
...I 


...I 


Flambro* 

South 
Landing. 


'  Dr.  Jeffreys  also  recognized  Zjocutm  craxxior  Among  Mr.  Headley'sBpecimens 
but,  either  pnrpoBoly  or  inadvertently,  did  not  incorporate  the  specieB  with 
his  liRt.     Recent  spccinienB  have,  however,  confirmed  the  determination. 

tf  Jiissna  costata^  Adams,  and  Jtissoa  semUiriattu  Mont.,  also  occur  in  Mr. 
Ileadley'H  collection,  but  an  the  specimens  were  obtained  from  beds  between 
tide- murks,  and  these  small  shells  abound  on  the  present  beach,  they  must  be 
couBidered  as  ''doubtful "  species,  and  I  have  omitted  them  from  the  list. 

•~  I  have  found  this  shell  at  Dimlington  only. 
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BHd- 

Fltmbro* 

lington 

flonth 

Quay. 

Landing. 

Gastropoda. 

v.c. 

Admete  viridnla,  Fabr. 

-  •  • 

« 

fColambeUa  rosacea,  Goald     ... 

•  •  ■ 

v.c. 

Flearotoma  torricala.  Mont.    ... 

•  •  • 

C. 

rat*. 

•  •  • 

r. 

exarata,  Moll. 

•  •• 

c. 

decnasata,  Conth. 

•  •• 

r. 

var. 

■  •  • 

v.r. 

simplex,  Midd. 

«•• 

r. 

mnltistriata,  Jeff. 

•  •  • 

*» 

r. 

bicarinata,  Conth. 

•  •  • 

r. 

var.  violacea 

•  •• 

r. 

el^ans,  Moll. 

«•• 

t    harpnlaria,  Couth 

•• 

7. 

pyramidaliH.  Str. 

•  ■  • 

v. 

Trevelyana,  Turt. 

•  •  • 

r. 

Cjlichna  alba.  Brown 

•  •  • 

v.r. 

Bcalpta.i  Lech 

•  •  • 

• 

r. 

UtriculoB  obtosus.  Mont.  var.  pretenuis... 

c.r. 

constrictns.  Jeffr. 

•   • 

9* 

v.r. 

Bulla  crebristriata,  Jeffr. 

•  •  • 

** 

.For  lists  of  the  Foraininifera,  Cirripedia,  Entomostraca  and 
Vertebrata,  see  Raid's  "  Holderness,"  pp.  22-26,  and  my  paper  in 
Quart.  Joiim.  Geol.  Soc.  xl.,  pp.  322-326. 

1  Dr.  O.  Torell,  Director  of  the  Swedish  Geological  Survey,  a  well-known 
authority  on  arccic  mollusca,  examined  Mr.  Headley's  collection  when  at  Brid- 
lington two  years  ago,  and  pointed  out  the  misprint  in  former  lists  of  thespeoific 
name  of  Ciflichna  {BiUh)  scuJpta^  which  should  read  CyOchna  acaJpta.  He 
thought  it  probable  that  the  species  figured  as  new  by  Dr.  J.  G.  Jeffreys,  under 
the  title  Utricu/us  constrictns^  might  belong  to  a  previously-known  species  from 
arctic  waters,  and  that  there  was  another  species  of  Astarte  present  in  the 
•collection.  He  laid  considerable  stress  on  the  absence  of  Leda  arctica  from  these 
beds,  as  showing  that  the  climate  during  their  deposition  was  not  so  extreme  as 
it  was  when  the  Clyde  Beds,  and  other  deposits  containing  that  shell,  were 
formed.  While  mentioning  this  species  I  may  add  that  on  examining  the 
specimens  which  I  collected  at  Esquimault  Harbour,  Vancouver  Island,  Dr. 
Terrell  declared  that  the  determination  which  I  obtained  of  one  of  the 
shells  as  Letla  arctica  wan  incorrect,  and  that  the  specimen  did  not  belong  to  that 
species,  which  should  not  therefore  have  appeared  in  my  list  in  Quart.  Joum. 
Geol.  Soc ,  vol.  xlii,  p.  280. 
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Appendix  B. 

a  list  of  boulders  from  the  basement  boulder  clat  at 

bridlington  quay."^ 

Note.— The  Bouldezs  yazy  in  aiie  from  pebbles  to  blocks  of  eerenl  fee( 
ia  diameter.  c  common,    r.  rare. 

Igneous  Rocks.! 
c.    Granite  of  several  distinct  tj'pes,  generally  pink,  gray,  or  dark- 
coloured. 
Biotite-granite, 
Hornblende-granite,  and 
Syenite  of  several  kinds,  inclnding 
Augite-syenite. 
An<lesitc. 


c. 


r.    Porphyritic  felstone, 

Folsite,  uud 

(^uartz-Felsite. 
r.     Poii)liyritos  of  various  kinds. 


Basalts  in  ^^roat  variety,  includin;^ 

01  i  vino-basalt, 

Aniygdaloidal-basiilt, 

Dolerite, 

Diabase,  and 

Diorito. 


r,    Volcanic  Ash,  Tuft*,  and 
Breccia. 

MeTAMORPHIC    RlX^KS. 

Mica-schist  of  various  kinds,  including 
r.    (larnetifcrous  Mica-schist, 

1  Iornbl(»nde-schist  and-gneiss. 
c.    Gneiss  of  various  kinds. 


*  See  alHO  C.  Reid's  "  HolderneBB."  p.  18. 
t  For  full  information  respectiDg  bo  me  of  theee  rocks  see  Mr.  Harker's 
deBcriptions  iu  Appendix  G. 
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c.  Quartzites  in  great  variety,  and  evidently  of  diverse  origin. 

r.  Flaggy  slate. 

c.  Vein  Quartz  of  many  colours. 

r.  Agate  and  Carneliau. 

Jasper. 

Sedimentary  Rocks. 

c.    Grits,   conglomerates  and  Breccias  of  several  kinds,  probably 

of  different  ages,  from  the  Silurian  upwards. 
c.    Fossiliferous  Limestones  of  various  colours, 

Spirifer,  Praditctiis,  Lithostrotion^  etc. 
r.    Chert, 
c.    Sandstones  in  great  variety,  red,  yellow, 


From  the 


Pei^mian. 


and  white,  including  Carbonaceous  Sand- ''    Carboniferom. 

stone,      Galliard    or     Gannister,     and 

Micaceous  Sandstone. 
c.    Goal. 

Pale  hard  Magnesian  Limestone.  ( 

Mottled  Sandstone  ^ 

^-      Dark  fossiliferous  Limestone, 
Septarian  nodules,  and 
Fossils  (isolated),  including 
Ammonites    jamesouL    OTynotus,    capri-}   Lower  Lias, 

comis,     raricostata^     etc.,    Belemnites 

acutits,    etc.,   Pinna  folium,    Cardinia 

Listeri,  Gryphoea  arciiata,  etc.,  etc, 
Fossiliferous  shale  and  j 

ites  \ 


r. 


Ironstone,    containing    Ammonite!^ 

spinattiSy      Protocardium      truncatum, 
etc.,  etc. 
Shale. 
Jet. 
c.    Fossiliferous  Nodules, 
c.   Fossils  (isolated),  including 

Ammonites  communis,  bifrons,  crassus,  etc, 
Belemnites  sp.,  Leda  ovum,^'  etc,  etc. 


Middle  Lias. 


}  Upj)er  Lias, 


*  These  lista  of  f  obsIIb  might  be  indefinitely  prolonged. 
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r. 


I 


Oolites. 


Oolitic  limestone, 
r.    Calccoreous  grit. 
r.    R'^rthy  limestone  ("Scarbro*"  or  "grey 

limestone." 

c.    Septariun  ii04lulas (  Klmeridge. 

r.    Black  paper-shale.  j 

Fossils  (isolated)  including  . 

DeL  jaculum,  Am,  Speetonensis,  Venni-  ^  Neoctmiian. 

citlaria  SowerbtfL  I 

r.    Red  chalk  with  BeL  minimus      lied  Chalk. 

r.    Hard  wliite  chalk  with  grey  flints,  like  the 

chalk  of  Flamborough. 
c.    Soft  white  and  creamy  chalk,  and  black, 

yellow,  red  and  pinkish  flints,  unlike  ^ 

auythin-  seen  in  any  place  in  Yorkshire ;  '  ^^^'^^''  Cretacetms. 

containing    fossils — Jhdemtiitvlla     sp.  ; 

AH(i}irhiiie.<  sj).  ;  Ilftlaster  sp.  and  other 

Echinodenns :   fmtf'era itnts  sp. ;  etc.,  etc. 
r.    Black  flints  witli  ;ijeon -stained  exterior  ; 

liniestonos  bored  by  Pholas,   Saxicava  I 


and  Cliona;  fraii^nionts  of  Molluscs:  and 
other  traces  of  a  sca-bottoni. 


-(jinvial  f 


Appendix  C. 

I»ETHOL(M}irAL    NOTES   ON    SoME   BoULDEKS   FROM   THE   nOULl)ER-('LAVs 
OF   EAST    YORKSIIIUE.       RY    ALFRED    HARKER,    M.A.,  F.C.S. 

[Note  —The  mimherH  in  brackeU  refer  t«  nlide*  in  the  Wor^dwanlian 

MnHeum  Oubinet  at  CambrMjfe.] 

[!»1>1»J  From  th(^  Lower  Purple  Clay,  South  of  Withernsoa.  A 
con;j:lonierat(^  includin^^  small  roundeil  i>el>bles,  some  of  dark  lime- 
stone, about  one-tifth  of  jm  inch  lon^jf,  and  grains  of  quartz  in  a  com- 
])act  ground. 

Under  the  Mimh^Cfipv  a  slice  shows  abundant  rounded  gi'ain>  of 
<piartz,  with  rolled  ]K'bbles  of  ('])n>bably  (b»loiin'tize<l)  limestone, 
imbedded  in  a  mass  of  carbonate  of  lime.     This  calcareous  matrix 
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often  shows  the  cliaracteristic  cleavage  of  crystalline  calcite  ;  but  in 
other  places  are  little  ellipsoidal  concretions  with  botJi  concen- 
tric and  radial  structures,  and  showin^i;  the  black  cross  in  polarized 
light.  Though  less  coarse  than  the  usual  type,  there  can  be  no  doubt 
that  this  rock  is  the  "  Brockram,"  wliich  forms  the  b«asement  of  the 
Pennians  in  the  Eden  Valley.  A  slide  [514]  from  near  Appleby 
shows  precisely  the  same  characters,  including  the  little  oolitic  con- 
cretions. Brockram  boulders  were  long  ago  recorded  by  Phillips 
from  the  Yorkshire  coast,  wliere  they  are  not  at  all  uncommon. 

[930]  From  the  Basement  Clay  at  Bridlington  Quay.  A  dark 
grey  doleritic  rock,  showing  little  glistening  felspars  in  a  dark 
compact  ground-mass. 

Micro.  The  porphyritic  felspars,  about  one-eighth  of  an  inch 
long  ,  are  rather  rounded,  as  if  by  corrosion,  and  sometimes  enclose 
portions  of  the  ground-mass.  They  are  very  clear,  and  show  Carls- 
ba<l-twinning,  but  the  finer  twin-lamellatiou  is  very  difficult  to  detect. 
This  is  owing  to  tlie  nearly  .straight  extinction  of  the  cr}'stal3, 
which  must  belong  to  a  variety  of  the  oligodase-andesine  series. 
Augite  occurs  in  rather  smaller  crystals  with  good  forms  and  a 
greenish  colour.  These  minerals,  with  a  few  rather  rounded  magne- 
tite crystals  and  rare  prisms  of  apatite  and  flakes  of  biotite,  are 
imbedded  in  a  fine  ground  of  decomposed  felspars  with  magnetite 
granules. 

[931]  From  the  Basement  Clay  at  Bridlington  Quay.  A  very 
fine-grained  dark  dolerite,  showing  under  a  lens  minute  needles  of 
felspar. 

Micro.  The  felspar  is  mostly  in  bundles  of  "  lath-shaped" 
prisms,  with  albite-t winning  and  extinction-angles  suggesting  labra- 
dorite  ;  but  there  is  some  later  felspar  with  a  rather  interstitial 
arrangement  and  exhibiting  zonary  shading  between  crossed  Nicols. 
The  augite,  in  light-brown  granules,  moulds  the  dominant  felspar, 
while  the  magnetite  grains  are  slightly  posterior  to  the  augite. 

[932]  From  the  Basement  Clay  at  Bridlington  Quay.  Another 
rock  of  compact  appearance,  showing  only  minute  narrow  prisms  of 
felspar  scattered  tlu*ough  a  black  gi*ound. 

Micro.    The  specimen  is  found  to  be  an  olivine-doleritc.     The 
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mineral  first  consolidated  is  maj^ietite,  which  is  abundant  in  nide 
octahedra.  Then  follows  olivine  in  rather  rounded  irregular  crystil- 
line  grains,  partially  converted  into  grass-green  serpentine  with 
separation  of  magnetite  dust  The  latli-shaped  felspars  show  albite, 
and  sometimes  Carlsbad-twinning,  and  api)ear  to  be  of  a  basic  variety. 
A  minor  portion  of  tlie  felspar  is  of  less  basic  character ;  this  is  of 
rather  later  consolidation,  and  so  in  less  })erfect  ciystals,  and  it  has  a 
zonary  structure.  The  occurrence  of  these  two  generations  of  felsiiar 
links  the  rock  with  the  dolerites  rather  than  the  diabases.  The 
augite,  brown  in  section,  is  in  plates  moulding  round  the  dominant 
felspar  and  other  earlier  minerals. 

[933]  From  the  Basement  Clay  ne^ir  Flamborongh  North  Landing. 
A  basalt  exhibiting  green  spots  of  olivine,  black  crystals  of  aujrit<*, 
and  little  shining  needles  of  fels]mr  in  a  tlark  ground. 

Micro,  The  olivine  h  in  rather  large  cryst^iUine  grains,  for  the 
most  part  fresh,  but  locally  C(>nvertc<l  into  grass-green  seqientiiio. 
The  augite  is  in  wcll-fonned  crystals  of  a  purplish-brown  colour  with 
marked  pleochroisni.  In  ordinary  light  it  shows  n  zonary  structuns 
the  margin  of  each  crystal  being  much  more  deeply  coloured  than 
the  interior.  The  felspar  is  in  elongated  (latli-shai>ed)  crystals  with 
tine  albite-twiiming  and  the  extiuction-angles  proper  to  labnidorite. 
A  few  felspar  crystals  of  later  formation  are  less  perfectly  built:  those 
have  a  blurred  zonary  shading  when  viewed  between  crossed  Xieols. 
and  are  probably  near  andesine  in  composition.  The  gi*ound-ma>is  »)t" 
this  rock  is  isotropic,  and  seems  to  be  composed  more  or  less  nt' 
glassy  matter.  Probably  none  of  these  doleritic  and  basaltic  r<»ok< 
are  of  sufficiently  marked  tyj)Os  for  th(»  precise  lf)calities  to  U» 
identilied.  It  can  only  be  said  that  they  do  not  resemble  either  tho 
Whin  Sill  or  any  of  the  known  dykes  of  Northumberlaml  and  Dur- 
ham, ))ut  that  they  might  proba])ly  all  lui  matched  in  Southern  ami 
Western  Scotland. 

[1)31]  From  the  Basement  Clay  at  Bridlington  Quay.  Tlu* 
.specimen  shows  a  dull  brown  ground-mass  enclosing  partially  destroviMl 
felspars  uj)  to  half-an-inch  in  length.  They  have  irregular  (piadri- 
lateral  outlin(»s.  and  th(*  interior  is  largely  occupied  by  a  tlark  brown 
material. 
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Micro.  The  slice  is  seen  to  be  deeply  decomposed,  but  the 
large  felsjiars  still  show  a  very  fine  cross-lamellation  with  narrow 
extinction-angles  pointing  to  andesine.  The  slide  contains  plenty  of 
a  green  cliloritoid  product,  probably  occupying  the  place  of  pyroxenic 
minerals  now  destroyed.  Large  patches  of  secondary  calcite  also 
occur,  and  the  only  original  minerals  surviving  in  a  fresh  condition 
are  apatite,  in  abundant  hexagonal  prisms,  and  irregular  ragged 
grains  of  magnetite.  The  ground-mass  consists  mainly  of  felted 
luicrolites  of  felspar,  but  probably  there  has  been  a  glassy  residuum 
also.  Portions  of  this  ground-mass  have  been  caught  up  by  the 
porphyritic  felspars.  The  rock  is  an  altered  andesite  (*  porphyrite  ' 
of  numy  authors),  and  presents  a  very  close  resemblance  to  those 
from  the  Cheviots. 

[935]  From  the  Basement  Clay  at  Bridlington  Quay.  A  hand- 
some crystalline  rock,  shewing  grey  felspars  and  dark  mica. 

Micro.  The  slice  consists  mainly  of  large  felspar  crystals. 
Some  seem  to  be  ordinary  orthoclase  ;  others  have  the  minute 
"  cross-hatching'*  of  microcHne,  and  include  intergrowths  of  ftnely- 
lamellated  albite  (?) ;  others  again  are  of  striated  acid  plagioclase 
contjiining  numerous  little  rectangular  patches  of  orthoclase  with 
parallel  growth.  A  curious  feature  is  seen  at  the  contact  of  the 
several  crystal  plates,  where  they  seem  to  interlock  in  .  an  intricate 
fiishion  recalling  a  micropegmatite  intergrowth.  There  is  plenty  of 
pyroxene,  pale-brown  in  section,  of  earlier  consolidation  than  the 
felspar  but  enclosing  magnetite  grains.  In  addition  to  the  augite- 
cleavage,  it  possesses  a  diallagic  structure,  which  is  often  developed 
in  the  interior  of  a  crystal  but  not  at  the  margin.  Good  hexagonal 
prisms  of  apatite  are  very  plentiful.  The  brown  mica  (biotite)  is 
less  abundant  than  appears  from  the  hand-specimen:  it  penetrates  and 
is  enclosed  by  the  felspar. 

[936]  From  the  Basement  Clay  at  Dimlington.  A  beautiful 
crystalline  rock,  resembling  the  last  though  darker  in  general  appear- 
ance. The  felspar  shows  on  many  of  its  crystals  an  iridescence  like 
that  of  the  well-known  Labrador  mineral.  A  black  p3rroxenic 
mineral  and  flakes  of  dark  lustrous  mica  are  also  to  be  seen  on  the 
specimen. 
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Micro.  The  felspar  appears  to  be  mainly  ortlioclase  or  soiia- 
ortIiocla.se,  each  crystal  plate  presenting,  as  a  rule,  an  optically 
unifonn  field,  though  there  is  some  veining  with  a  different  felsi)ar- 
substance.  The  microcline  structure  is  not  detected.  The  pyroxene, 
grass-green  in  section,  is  for  the  most  part  typical  diallage.  As 
before,  the  "  schiller"  structure  sometimes  affects  only  the  interior 
of  a  crystal,  but,  on  the  other  hand,  there  is  sometimes  schilleriza- 
tion  on  iwo  intersecting  sets  of  x)lanes.  A  system  of  parallel  lamellar 
inchisions  is  often  devcl()i)ed,  tliough  in  a  much  slighter  degree,  in 
the  felspar,  and  may  account  for  the  play  of  colour  notice<i  in  the 
hand-specimen.  The  diallage  is  earlier  than  the  felspar,  but  inchides 
apatite  in  large  and  small  prisms  and  magnetite  in  octahe<lra  and 
more  complex  shapes.  Brown  dichroic  biotite  is  associated  with  the 
diallage,  anil  also  some  luematite.  A  few  little  crystals  with  ver}' 
high  rotVactivo  index  and  apparent  tetragonal  habit  may  be  zin^on. 

These  two  specimens  represent  a  very  })eculiar  ])etr()logical  type, 
whicli  1  am  not  able  to  i)arallel  except  by  the  augite-syenites,  so 
largely  develoi)ed  in  southern  Norway,  as  described  by  Briigger  and 
others.  Indeed,  there  can  l>e  pmctically  no  doubt  that  these  boiilder> 
had  their  origin  in  that  country. 

[!)37]  From  the  Basement  Clay  at  Bridlington  Quay.  A  gneiss 
exhibiting  light  felspathic  streaks  or  bands,  half  an  inch  or  more  in 
widtli,  alternating  with  dark  micaceous  layers.  There  is  also  plenty 
of  white  niii*a  in  glistening  Hakes  set  parallel  to  the  gnei.ssic  banding. 

Micro.  The  chief  constituents  are  felspar,  often  in  broken 
crystals,  lenticular  streaks  composed  of  aggregates  of  clear  quartz- 
grains,  and  bands  of  closely-packed  mica-tlakes,  both  muscovit^  and 
biotite.  The  felspar  seems  to  be  partly  ortlioclase,  but  is  mainly  an 
acid  plagioclase  with  fine  striation  and  often  cross-lam ellation.  The 
crystals  are  often  bent,  and  the  twinning  seems  to  be  related  to  the 
strain.  Quartz  grains  are  sometimes  enclosed  in  the  felspar.  Tlie 
other  minerals  present  are  magnetite,  in  rudely-built  crj'stals,  ami 
reddish  isotropic  garnet,  often  broken  and  slightly  drawn  out  in  the 
direction  of  foliation. 

[988]  From  the  Lower  Purple  ("lay.  South  of  Withernsea.  A 
compact  white  rock,  enclosing  black  lumiblende  crystals,  up  to  one- 
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fifth  of  ail  inch  in  length  and  witli  partial  parallel  arrangement,  and 
roundefl  grey  sjmts  of  (quartz.     It  may  be  styltMl  hornblende-gneiss. 

Micro.  The  hornblende  sections  are  greenish-brown  or  dull- 
green,  with  strong  pleochroisni,  vibrations  parallel  to  the  axis  of 
greatest  absorption  (which  is  inclined  only  4''  or  ;V  to  the  long  axis 
of  the  crystal)  giving  a  deep  green  tint.  The  crystals  are  of  irregular 
outline,  and  enclose  quartz  grains  at  the  margin.  The  bulk  of  the 
slice  consists  of  quartz  and  altered  felspar.  The  latter  presents  a 
finely-granulated  appearance,  recalling  the  so-called  "  saussurite," 
and  chlorite  and  scaly  white  mica  are  closely  associated  with  it.  The 
larger  quartz-grains  have,  between  crossed  Nicols,  the  shatlowy  aspect 
due  to  internal  strain,  ami  they  pass  at  the  margin  into  irregular 
areas  of  granular  quartz-mosaic.  All  these  appearances  indicate  the 
action  of  great  mechanical  stresses,  and  the  rock  must  have  fonued 
part  of  an  area  of  metfimorphosed  ciystalline  rocks,  such  as  that  of 
the  Scottish  Highlands  or  Norway. 

[039]  From  the  Basement  Clay  near  Flamborough  North  Land- 
ing. A  mottled  dull  greyish-green  and  white  rock,  in  which  quartz, 
felspar,  etc.,  may  be  detected  by  the  eye. 

Micro.  This  specimen  again  gives  unmistakable  evidence  of 
great  stresses  having  operated  in  the  massif  from  which  it  was 
derived.  It  must  have  been  originally  a  biotite-granite,  and  has  been 
much  altered,  though  w^ithout  receiving  a  gneissic  or  schistose 
character.  The  quartz  which  builds  nnich  of  the  slice  is  in  patches 
of  granular  mosaic,  traversed  by  innumerable  rows  of  fluid-pores, 
which  have  a  parallel  disposition,  and  traverse  all  the  granules  un- 
interruptedly. This  is  no  doubt  an  effect  of  the  stress.  The  out- 
lines of  the  felspar  crystals  are  partly  preserved,  but  their  substance 
is  entirely  replaced  by  secondary  products,  including  chlorite  and 
quartz.     The  dark  mica  h<as  also  perished  almost  completely. 

Gneissic  and  similar  rocks  do  not  occur  in  situ  in  the  North  of 
England.  Doubtless  the  last  three  specimens  might  be  matched  in 
the  Highlands  of  Scotland,  but  it  is  impossible  to  assert  that  that  is 
the  home  of  these  particular  boulders,  and  Norway  seems  more 
probable. 

[940]  From  the  Basement  Clay  at  Bridlington  Quay.  A  finely- 
granular,  })ink,  felspathic  rock. 
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Micro,  This  is  what  some  geologists  would  temi  a  "  binary 
granite/'  though  it  lias  not  the  normal  granitic  structure.  It  consists 
almost  solely  of  ([uartz  and  felspar  the  quartz  being  of  earlier  con* 
solidation,  in  irregular  rounded  gnunn,  moulded  and  enclosed  by  the 
felspar.  The  latter  is  opaxiue  and  much  altered,  but  appears  to  have 
been  partly  orthoclase,  partly  striated  plagioclase;  A  few  grains  of 
magnetite  occur. 

[941]  Prom  the  Basement  Clay  at  Bridlingtim  Quay.  A  normal 
granite  of  medium  grain. 

Mtci'o.  Both  light  and  dark  micas  are  abundantly  present, 
sometimes  with  parallel  intergrowth  of  the  two.  Felspar  crvfltals 
often  cr)ntain  flakes  of  muscovite  set  parallel  to  the  two  principal 
cleavages,  sugges^ting  a  secondary  origin  for  this  portion  of  the  luica. 
The  felspars  are  botli  orthoclase  and  an  acid  pkgioclase.  The  latter 
has  fine  striation,  the  lamelhc  often  bent  and  discontinuous,  and 
frequently  cross-twinning  (the  peridinc  law)  in  addition.  The  ortho- 
clase is  often  veined  with  albite(?)  (' microperthite').  Clear  quartz 
in  grains  of  var}'iug  extent  is  the  latest-fonued  constituent. 

No  granite  in  the  North  of  England  has  these  cliaractors, 
though  rocks  of  this  type  occur  in  various  parts  of  Scotland. 

[942]  From  the  Lower  Puri)le  Clay,  Scmth  of  Withemsea.  A 
red  granite,  showing  abundant  pink  felspar,  colourless  (quartz,  and 
dark  mica  (biotite). 

Micro,  The  deep  brown  biotite  is  often  arranged  interstitially 
to  the  felspar,  an  uncommon  feature  in  such  rocks.  Tlie  felspar  is 
partly  orthoclase,  partly  striated  oligoclase,  but  mostly  microcline  in 
broad  crystal  plates,  showing  in  polarized  light  the  most  beautiful 
*  cross-hatched '  stnicture,  and  often  having  the  other  felspar  in  shreiis 
intergrown  with  it.  The  quartz,  which  has  rows  of  crowded  minute 
fluid-pores,  is  mostly  later  than  the  felspars,  but  occasionally  include<l 
by  them. 

[943]  From  the  Lower  Purple  Clay,  South  of  Withemsea.  A 
biotite-granite,  closely  resembling  the  preceding,  and  having  goo<i 
thick  flakes  of  dark  mica. 

Micro,  This  slide  shows  the  same  abundance  of  micTocline, 
besides  *  microperthite  * — orthoclase  veined  with  albite  in  crystallo- 
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graphic  relation .  The  quartz  is  often  in  rather  mosaic-like  aggregates, 
possibly  connected  with  a  certain  amount  of  crushing  in  the  rock- 
rajuss,  and  a  little  white  mica,  evidently  secondary,  may  also  be  a 
result  of  mechanical  disturbance.  These  two  specimens  are  not 
unlike  some  of  the  Scotch  granites,  such  as  those  of  Mull  and  Criffel, 
but  no  specimens  1  have  seen  from  Scotland  present  exactly  the  same 
ehanw'ters  as  the  boulders.  The  granite  of  Eskdale,  in  Cumberland, 
offers  the.  closest  resemblance  to  our  slides,  but  this  rock,  though 
well-known  in  the  Lancashire  drift,  is  not  one  that  we  should  expect 
to  find  in  Kast  Yorkshire. 


ON    FLKTHER   EXPLORATION    OF   A  CAVE  AT  ELBOLTON,   NEAR  THORPE, 

IN    CRAVEN.      BY   REV.    E.   JONES, 

During  the  summer  of  1888  some  members  of  the  Craven 
Naturalist  Society  Initl  been  exi)loring  a  small  cave  near  the  summit 
of  Elbolton,  particulars  of  which  were  given  in  a  paper  printed  in  the 
Proceedings  of  this  Society  last  year.  We  made  an  experimental 
trench  across  the  first  chamber,  and  dug  down  to  the  depth  of  near 
ton  feet.  At  this  point  the  material  taken  out  of  the  trench  so 
encumbered  the  work  that  the  trench  was  discontinued.  A  quantity 
of  bones,  both  animal  and  human,  were  discovered,  together  with 
bone-pins  and  pieces  of  early  British  Potter}^ 

This  year  a  Committee  was  formed  to  raise  funds  and  to  explore 
tli(»  rave  systematically.  The  latter  could  only  be  done  by  clearing 
the  whole  deposit  of  the  first  chamber,  and  hauling  it  to  the  surface. 
Needful  consents  were  courteously  given  by  the  landlord,  Mr.  N.  H. 
Kelsiill,  and  by  the  Lord  of  the  Manor,  Sir  Chas.  Tempest ; 
and  apparatus  for  winding  the  material  was  kindly  lent  by  Mr.  J.  Ray 
lv<hly.  Two  careful  miners  were  engaged,  and  the  work  com- 
menced on  August  19th,  and  is  still  in  j)rogress,  one  or  more  of  the 
committee  superintending  the  work.  We  have  also  had  the  advice 
and  assistance  of  Mr.  James  W.  Davis  and  other  experienced  workers. 
The  original  surface  level  of  the  floor  was  marked  on  the  walls,  and 
divisions  marked  off  three  feet  apart  on  the  North  and  South  walls, 
and  numbered  in  feet  from  a  datum  line  at  the  cave  mouth.     These 
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markiugs  correspond  with  a  plan  of  the  cave  in  which  the  whole 
surface  is  divided  into  square  feet.  As  the  exc4ivatiou  proceeds  the 
floor  alters  in  shai>e,  and  so  other  plans,  at  various  depths,  say  five, 
eight,  and  twelve  feet  >vill  be  made.  In  this  way  any  special  object, 
or  any  alteration  in  the  material  worked,  can  have  its  exact  position 
noted. 

When  all  the  loose  material  that  had  been  worked  in  the  trial 
operations  of  last  year  was  hauled  out  of  the  <;ave,  the  regular  and 
more  orderly  excavation  commenced.  The  greater  part  of  the 
material  worked  has  been  made  up  of  loose  angular  fragments  of 
limestone  rock  fallen  from  the  roof,  keeping  constant  in  cliaracter 
throughout,  without  evidence  of  stream  action,  of  rolled  stones,  or 
gravel.  This  is  interspersed  with  abundance  of  bones  and  fragments 
of  potter}'.  All  the  humau  remains  have  been  found  in  this  deposit. 
It  is  of  varying  thickness,  from  four  feet  at  the  east  end,  where  it  rests 
on  stahigmitic  breccia,  to  more  than  15  feet  at  the  west  end  of  the 
chamber.  At  the  west  we  have  not  yet  pierced  through  this  stratum. 
Human  remains,  with  pieces  of  pottery  and  some  charcoal,  liavo  been 
found  at  this  end,  at  a  depth  of  1 2^  feet  from  the  original  level : 
though  in  the  other  end  the  human  remains  were  only  covered  to  the 
depth  of  three  to  five  feet.  At  the  west  end  the  bones  are  scattered 
as  if  the  ground  had  been  disturbed  by  either  fonner  explorers  or  the 
bones  scattered  by  dogs  or  wolves,  while  we  have  numerous  evidences 
of  gnawing  of  animal  bones.  I  have  not  noticed  such  markings 
on  human  bones. 

At  twelve  feet  south  from  the  datum,  a  skeleton  nearly  ooiii- 
plete,  was  found  ;  in  a  recess  three  feet  further  another  was  seen  : 
and  in  the  middle  of  the  floor  a  third  was  obtained.  These  ha<l  n(»t 
been  disturbed,  and  were  seen  in  the  position  of  burial.  The  one  in 
the  recess  and  the  one  in  the  middle  of  the  chamber  had  been  buried 
in  an  ui)right  sitting  posture,  the  knees  being  close  to  the  skull,  the 
thigh  bones  still  inserted  in  the  sockets  of  the  pelvis.  The 
skeleton  of  the  first  was  similarly  bent  so  as  to  occupy  little  space, 
but  the  body  had  evidently  been  laid  sloping  and  not  erect.  'I'he 
skull  of  the  one  that  was  buried  in  the  nii(hlle  of  the  floor  was 
crushed  l)y  the  overlying  (lef}rhy  while  the  other  two  being  better 
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protected  by  the  sloping  sides  of  the  cave  are  fairly  preserved.  They 
are  all  evidently  Neolithic  of  the  long-head  tjrpe.  Special  care  was 
taken  to  examine  the  ground  in  the  vicinity  of  the  interments. 
There  were  no  flints  nor  any  instruments  buried  with  them.  The 
two  skeletons  that  were  buried  near  to  the  south  wall  were  protected 
from  falling  rock  by  the  side  walls,  while  semi-circular  fenders  of  large 
stones,  neatly  built,  were  placed  between  the  bodies  and  the  rest  of 
the  cave.  The  quantity  of  bones  of  other  animals  brought  out  of 
this  angular  stone  deposit  is  very  great.  These  bones  have  been 
washefl  and  now  await  the  assistance  of  those  who  can  determine 
their  character.  The  bones  of  horse,  boar,  bos-longifrons,  red  deer, 
sheep,  dog  or  wolf,  fox,  badger,  smaller  carnivora  and  rodents  are 
very  abundant,  and  it  is  quite  possible  that  with  better  knowledge  of 
the  remains  other  species  could  be  added.  All  the  larger  bones  other 
than  human  have  been  broken,  many  split  lengthwise,  most  likely 
done  by  the  cave-men  to  obtain  the  marrow. 

Charcoal  with  calcined  bones  has  been  found  in  three  or  four 
places,  aud  at  18  ft.  north,  depth  9  ft.  6  in.,  evidences  of  an  actual 
hearth  is  seen.  Here  also  we  found  that  in  addition  t-o  wood  fires 
they  used  peat. 

The  fragments  of  pottery  are  of  an  interesting  character. 
They  are  all  Neolithic  and  crude,  seemingly  made  from  the  clay 
found  in  the  cave,  and  formed  into  circular  vessels.  All  the  pieces 
are  coated  with  charcoal  on  the  inside,  and  in  some  cases  the  pot  has 
been  blackened  to  the  depth  of  a  quarter  of  an  inch.  The  ornamenta- 
tion is  varied  in  a  few  pieces,  approaching  the  condition,  but  not,  I 
think,  identical  with  pottery  of  the  Bronze  Period.  In  some  cases  we 
have  straight  Hues  cutting  one  another  diagonally,  making  diamond 
patterns.  In  others  the  diagonals  do  not  cross  one  another,  but 
make  a  pretty  design  like  the  '*  herring  bone  pattern."  Others  are 
imprints  of  bone  or  of  finger  nails.  Altogether  we  have  five  or  six 
designs  in  the  bit^  of  pottery  from  this  cave. 

The  present  entrance  to  the  cave  seems  to  have  been  a  pot-hole 
al>out  20  feet  in  depth  to  the  level  before  the  excavation  begun.  While 
it  was  occupied  and  used  by  the  cave-men  footholds  well  polished  by 
use  show  the  means  whereby  they  clambered  in  or  out  of  the  cave. 
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At  ono  time  this  pot-hole  would  be  filled  with  clay,  which  after 
a  time  slippetl  through  down  to  the  cave  floor.  This  mass  of  clay  was 
fteeu  to  be  two  feet  thick  under  the  cave  mouth,  and  spreading  mainly 
towards  the  east,  resting  on  the  angular  stuff  of  loose  stones.  In 
this  clay  were  found  the  jaws  of  the  Ursus  ferox  and  some  smaller 
camivora.  Similar  clay  deposits  have  been  found  beneath  and 
amongst  the  stalagmifcic  floor,  underneath  the  angular  debris,  at 
18  feet  south.  This  stratum  remains  yet  to  be  worked  out,  but  from 
it  we  have  already  obtained  numerous  large  bones,  femurs,  pelvis,  &c., 
of  bears,  and  giving  promise  of  further  finds  when  this  stalagmite 
and  the  large  fallen  blocks  of  stone  have  been  removed.  As  yet  we 
have  not  sufiicient  data  to  determine  the  age  of  this  clay  deposit. 

In  the  cave  we  liave  found  a  few  bone-pins  with  annular  rings, 
similar  to  those  found  in  Belgian  caves,  also  two  or  three  worked 
bones  tlie  use  of  which  is  unknown. 

Ami Jst  the  <M>m  we  have  come  across  a  fcv  carried  stones, 
gi'its  for  pot-boilers,  two  river-rolled  limestone  pebbles,  and  a 
smooth  Silurian  slate  that  may  have  been  brought  to  shar|>en  their 
bone  instruments.  A  few  antlers  of  large  red  deer  have  been  found 
in  the  same  material,  but  none  of  them  seem  to  have  been  ufsod  by 
the  cave-men  as  tools. 

The  work  of  excavation  is  still  proceeding.  The  Cave  Committee 
are  grateful  for  the  advice  and  assistance  of  more  experienced 
explorers,  ami  hope  to  continue  until  this  small  cave  has  been 
completely  investigated.  So  far  we  think  that  the  deposit  of  clay, 
c<)ntaining  bones  of  bear,  &c.,  which  underlies  the  loose  stratum  of 
angular  stones  was  deposited  prior  to  the  occupation  of  the  cave  bv 
man  ;  that  Neolithic  man  made  use  of  the  cave  first  as  a  dwelling 
and  sheltering  place,  and  afterwards  as  a  place  of  burial. 
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BY  THOMAS  TATE,   F.Q.S. 

A  series  of  eruptive  rocks,  somewhat  alike  in  composition  and  age, 
extends  along  the  border  of  West  Yorkshire  from  Ingleton  by  way  of 
Dentdale,  Garsdale,  Sedbergh,  around  the  flanks  of  Howgill  Fells, 
and  thence  to  Middleton-in-Teesdale.  The  members  of  this  series 
exposed  in  the  neighbourhood  of  Ingleton  h^ve  already  been 
described  in  a  former  paper  (vol.  ix.,  page  380).  In  the  present 
communication  it  is  proposed  to  deal  with  the  allied  rocks,  as  they 
may  be  studied  in  the  Dentdale  area  some  ten  miles  further  north. 

Leaving  Ingleton  by  the  old  river  course  and  skirting  Whemside 
we  may  descend  by  Deepdale  into  the  lovely  valley  watered  by  the 
River  Dee.  Below  Dent  we  find  seven  or  eight  exposures  of  these 
traps  in  two  localities  ;  three  in  a  stream  to  the  west  of  Millbeck  on 
the  south  side  of  the  dale,  and  five  in  Helmsgill  running  up  the 
northern  slope.  A  walk  of  about  a  mile  down  the  valley  from  Dent 
brings  us  to  Helmswood,  and  ascending  the  beck  till  past  the  water- 
fall we  enter  upon  the  open  pastures  l>ing  at  the  foot  of  Helmsknott, 
and  it  is  here,  within  a  distance  of  one  hundred  and  thirty  yards 
from  the  fall,  that  we  meet  with  a  series  of  five  dykes  exposed  in  or 
near  to  the  bed  of  the  stream  in  regular  sequence  as  we  ascend.  The 
chronology  of  the  beds  in  contact  with  the  intrusions  in  the  Ingleton 
area  is  somewhat  obscured  by  the  faulted  character  of  that  district, 
but  the  series  of  mica-traps  outcropping  in  Helmsgill  presents  no 
such  difficulty,  the  succession  being  quite  clear.  The  beds  intruj»ively 
penetrated  belong  to  the  Coniston  Limestone  and  its  underlying 
calcareous  shales  (Ordovician),  all  dipping  uniformly  at  a  moderate 
angle  to  the  south-west.  The  uppermost  (geologically)  of  these 
intrusions  occurs  near  the  waterfall,  on  the  west  bank  of  the  stream. 
It  weathers  to  a  warm  brown  tint,  is  somewhat  angular  in  outline,  and 
partially  moss-hidden,  not  more  than  three  or  four  square  feet  being 
exposed.  Of  all  the  series  this  is  the  toughest  and  best  preserved 
rock.     A  fresh  hand-specimen  is  purple-hued,  due  to  an  intimate 
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mLxture  of  pink  grains  with  brown  nietallir  flakes,  having  a  some- 
what uniform  texture.  Throughout  this  gn)unfl'mas8  larger  flesh- 
coloured  crystals,  up  to  one-tifth  of  au  inch  across,  are  sparsely 
scattered,  and,  more  rarely,  clusters  of  hexagonal  mica-plates  e;ich 
fully  a  quarter  of  au  inch  in  breadth.  To  this  macroscopical  des- 
cription we  must  add,  tluit  a  polished  face  when  viewed  by  reflected 
light,  reveals  numerous  i>ale-grey  bodies,  presenting  in  some  cases 
the  outlines  of  hornblende  sections  ;  and  the  mica-plates  of  the 
ground-mass  are  seen  to  have  a  fairly  uniform  arrangement  imrallel 
with  the  face  of  the  dyke,  the  rock  slices  often  splitting  along  such 
mica-courses  in  a  provoking  manner.  The  pink  uiatter  found  in  the 
spaces  between  the  mica-plates  is  all  that  remains  of  the  original 
felspathic  constituent  of  the  rock  (flg.  24). 

Microscopically,  the  most  prominent  of  the  three  chief  mineral 
components,  and  the  only  one  presenting  idiomorphic  contours  is  tlie 
brown  mica.     In  each  dyke  of  the  Helmsgill  group  we  find  micas 
representing  two  difl'erent  periods  of  consolidation  in  the  life-history 
of  the  rock.     Here  the  older  are  larger,  mostly  hexag«m;il-plates  ot  a 
deep-brown  tint,  much  corrodetl  aloiii;  tlicir  oJgfs,  and  jwuetrated  l»y 
the  ground-mass  (figs.  25-26).     Sections  transverse  to  the  cleiivaire 
are  of  a  pale-honey  tint,  contrasting  sharply  with  thi'  oHve-grt'cn  <•!' 
the  Ingleton  micas,  as  well  as  in  ,the  absence  of  the  darker   \\in.'< 
formed  by  the  ferric  oxides  concentrated  between  the  cleavage  piano 
and  the  conse(iuent  bleaching  of  the  mineral.     Like  the  hexagonal 
plates  of  the  same  age,  their  boundaries  are  exceedingly  ragged  and 
labyrinthine  (tig.  27) ;  often  these  sections  have  suft'ered  mechanical 
deformation,  the  broken  and  disphiced  fiagments  lying  contiguously 
(figs.   28,   29,  30).     The  younger,  fresher-looking   micas   (»ccur  in 
rectilinear   platens   of  a  pale-brown  tint,  with  lighter  margin.>  an<i 
frayed  ends  (figs.  31-32),  but  this  clear  periphery  is  characteristic  ot" 
the  older  micas  in  this  rock  rather  thiui  of  the  younger,  the  aggregateti 
iron  forming  a  black  rim  to  the  plate  {ii^.   20).     They  are  stronirly 
dicliroic,  and  polarize  with  vivid  chromatic  eflects,  in  this  respect 
differing  from  the  magnesian  micas  present  in  Phillips's  dyke,  the 
rock  this  most  nearly  resembles.     The  resemblance  is  rather  in  the 
felspathic  constituent,  for  in  both  rocks  we  liave  two  generations  of 
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felspars  ;  the  small  crystals  of  uniform  size  diffused  through,  and 
originally  forming  the  chief  component  of  the  ground-mass  ;  and 
larger  crystals,  solitary,  or  grouped  in  clusters,  porphyritically  em- 
bedded in  the  ground-mass  to  some  extent,  in  fact,  repeating  the 
**  glomero-porphyritic"  structure  of  Prof.  Judd.  Each  of  these 
glomero-porphyritic  clusters  is  enclosed  in  a  framework  of  secondar}' 
magncsian  mica  generated  around  it.  The  external  crystal- 
line faces  of  the  felspars  from  all  the  cluster  members  of  this 
group  of  dykes  are  well-nigh  obliterated,  not  being  at  all  so  definite 
as  those  of  the  clusters  in  Phillips's  dyke  ;  but  the  internal  boun- 
daries liave  been  from  the  first,  in  both  cases,  irregular  and  ill- 
defined.  The  result  is  that  while  the  clusters  in  this  dyke  have 
succumbed  to  degrading  influences  even  to  the  limit  of  effacemeut, 
the  similar  clusters  in  Phillips's  dyke  having  resisted  corrosive 
agencies  most  effectually,  present  to  us  the  freshest  felspars  yet  met 
with  in  these  Lamprophyres.  Of  the  characteristic  twin-lamellation 
of  plagioclase  felspars  there  is  no  trace  ;  and  the  little  that  remains 
in  evidence,  whether  of  form  or  colour,  favours  orthoclase,  as  analogy 
would  suggest.  The  orange-red  particles  of  the  original  felspar  are 
by  no  means  so  abundant  Jis  we  found  them  to  be  in  Phillips's  dyke. 
They  are  accompanied  here  and  there  by  a  cumulous  aggregate  of 
minute  granules  of  opaque  white  matter,  probably  kaolinite,  and  in 
some  examples  the  nature  of  the  felspar  is  completely  masked  by 
kaolinisation.  If  we  select  one  of  the  least  altered,  it  may  show 
kaolin  traversing  cleavage  planes  (fig.  33),  a  process,  which  when 
more  advanced,  and  in  the  glomero-porphyritic  clusters,  produces 
effects  obscurely  simulative  of  olivine  pseudomorphs,  a  suggestion 
however  negatived,  by  reflected  illumination  revealing  surviving 
patches  of  pink  felspar  (figs.  34,  35.  36).  These  figures  may  be  com- 
pared with  those  of  similar  effects  noticed  in  the  white  dyke  of  Dale 
beck  (figs.  16-17),  and  which  may  have  been  fashioned  in  like  manner, 
no  primal  component  having  survived  to  marshal  us  the  way  we 
ought  to  go. 

The  nature  of  the  original  ferro-magnesian  ingredient  of  this 
dyke  is  no  longer  determinable.  The  micro-granular  greenish-grey 
material  diffused  througliout  the  slides  has  in  one  instance  retained 
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the  crystalline  faces  of  horubleude,  and  may  be  seeu  iu  the  upper 
comer  of  figure  24.  But  the  field  is  sprinkled  over  with  the 
iron-ore  from  this  source,  in  the  ft>rm  of  opaque  ^raiu8  and  crystnls 
of  magnetite  and  titanoferrite. 

At  one  point  what  seems  to  have  been  originally  a  pocket  of 
hornblende  has  been  converted  into  brown  mica  and  sphene.     The 
latter  mineral  occurs  in  well-fonned  crystals  and  plates  of  a  golden- 
brown  tint,  by  transmitted,  reddish  by  reflected  light.     Usually  twi», 
if  not  more,  of  the  crystalline  faces  are  sharply  defiueil  by  dark 
borders,  and  their  sur&ces  are  very  much  pitted  (figs.  37-3S).     Tlu* 
mineral  is  pleochroic,  polarising  in  moderate  tints.     An  0]>ai(ue  patch 
of  titanoferrite,  not  yet  transformed  into  sphene,  but  with  the  altera- 
tion   product,    dark    by    transmittetl,    white     by    reflectetl     light 
(leucoxene)  coating    its  interior,  lies  in  one  comer  of  figure  37. 
The  mica  plates  iu  this  iiielusit)u  are  very  pale-brown,  and  have  ;» 
peculiar  labyrinthic  structure  (fig.   3S).     In  another  cji-se,  t\  <*iivity 
apparently  vacated  by  a  lK)rnblen<le  i-iyj^tnl,  is  filknl  iu  with  lath- 
shaped  plates  of  an  iudeterniinati^  mineral,  brown   i»y  tran.sniittt.Ml. 
salmon-tinted   by   reflected   light,    rfuliating  from   its  internal  sur- 
face;  the  clear  interspaces  to  polarise  feelily   .tii(.   :5'.»).      ^trou^jly 
polarising   calcite   plates    and    i)ow«ler,    or    a    tV«*bIy  dirhroi*.-    riml 
p<)larising   ])ale-green   substance  of  the   ohloritoid   family^    filK    in 
many  of  the  cavities  vacated  by  felsj»ar  or  hornhh*nde  crystals,     '[o 
these  must  be  added  a  few  blebs  of  ])yrites.  and,   nion*  sparsely, 
secondaiy  (piartz  to  complete  our  niicro-petrographical  description. 

Shaq)ly  contrasting  with  the  above  dyke  is  the  h»wermost  unt'  «•{ 
the  group,  which  stiinds  out  boulder-likt*  from  the  siiiTounding  .in'as-' 
some  hundred  and  twenty  yards  or  so  higher  up  the  stream.  TJic 
rock,  of  which  not  more  than  two  or  three  cubic  feet  are  e.\|H»sj.Ml. 
weathei*s  to  a  warm  brown  tint,  a  freshly  fractured  fa^-e  having  a 
steel-gi*ey  hue,  glistening  with  densely-massed  small  hexaironal  plates 
of  brown  mica,  this  being  the  (»nly  recognizable  unneral  in  a  hand- 
specimen,  save  here  and  there  a  porph}Titic  crystal  of  pink  felspar. 

By  transmitteil  light  the  rock  exhibits  a  hypo-crystalline  struc- 
ture, devitrification  of  the  glassy  magma,  Iniving  developed  doubly 
refractive  prismatic  felspar  microlites,  wht)se  fan-like  groupings,  with 
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little  bunches  and  wisps  within  the  interspaces,  form  one  of  its  most 
striking  features  (fig.  40).  Clear  interstitial  spaces  under  higher 
magnification  may  be  resolved  into  a  little  residual  isotropic  glass,  in 
which  lie  intimately  interwoven  feathery  and  felted  bundles  of 
acicular  microlites,  the  mlcroUtlienfilz  of  the  Germans  (fig.  4).  The 
somewhat  longer  microlites  marshalled  in  radial  symmetry  usually 
based  upon  a  porpliyritic  mica-plate  (fig.  42),  are  anisotropic  and  of 
a  salmon-coloured  tint.  Imbedded  in  this  micro-crystalline  basis 
lies  a  profusion  of  mica-plates  in  which  the  recurrence  of  phase  is 
most  markedly  indicated  by  the  deeply  eroded  'Inrk-brown  frag- 
ments of  the  older  generation,  contnist^d  side  by  side  with  the  com- 
paratively fresh  and  pale  aspect  of  the  younger  series.  In  place  of 
recognizable  hornblende,  we  find  in  this,  as  in  the  uppennost  dyke, 
pale-green  patches  of  a  dimly  dichroic  and  faintly  polarising  chloritoid 
mineral,  in  many  instances  bordered  by  dwarfed  mica-plates.  There 
is  also  a  considerable  sprinkling  of  chocolate-coloured  titaniferous 
magnetite  in  grains  and  skeleton  crystals  {^g,  14),  portions  of  which 
have  been  transformed  into  small  nearly  colourless  crystals  of  sphene 
polarising  in  firm  tints.  Pyrite  with  a  brassy  glint  by  reflected 
light ;  calcite  grains  and  (piartz  blebs  lie  scattered  through  the 
interstitial  matter. 

This  rock  wnth  its  plentiful  supply  of  brown  mica  may  at  sight 
be  distinguished  from  all  the  Lamprophyres  yet  examined.  One  of 
two  boulders  pointed  out  to  the  w^riter  some  three  years  ago  at 
Ingleton,  was  at  once  assigned  to  this  parent  rock,  an  identification 
which  subse(pient  microscopic  comparison  has  confirmed. 

None  of  the  remaining  Dentdale  mica-traps  call  for  special 
examination.  Two  of  the  exposures  on  the  opposing  slope  are  allied 
to  the  typical  examples  selected  from  Helmsgill  for  description.  The 
other  rocks  belonging  to  this  group  are  too  much  decomposed  for 
profitable  study  or  identification. 

Specimens  of  these  rocks,  as  they  are  collected,  are  being  analysed 
in  the  Chemical  Laboratory  of  the  Yorkshire  College,  under  the 
personal  supervision  of  Mr.  Bothamley,  F.l.C,  and  the  results  of  this 
work  we  hope  to  publish  in  a  subsequent  paper. 
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Explanation  of  Plates. 
Plate  xiv. 

24.  Mica-syenite.     Above  the  waterfall  HelniBgill        ...  x     2. 

25.  Brown  mica  :  hexagonal  plates,  corroded                 ...  x  50. 

26.  Do.                      do.            with  pale  periphery...  x  30. 

27.  Do.           rectilinear  plate,  with  rugged  boundary  x  20. 

28.  Do.                      do.           broken  and  displaced  x  20. 

29.  Do.                       do,                         do.               ...  X  20. 

30.  Do.                      do.                        do.               ...  X   15. 

31.  Do.                      do.           younger  generation ...  x  50. 

32.  Do.                      do.                       do.              ..  x  50. 

33.  Felspar  with  kaolin  following  cleavage                    ...  x    15, 

34.  Felspar  pseudomorphs  mimicking  olivine                ...  x  50. 

35.  Do.  do. 

36.  Do.  do. 

37.  Porphyritic  inclusion  of  mica  and  sphene..              ...  x   10. 

Do.     Titaneferrite  and  leucoxine  at  x  x 

38.  Mica-plate,  at  x  in  Fig.  37  :  Labyrintliic  structure  x   50. 

39.  Hornblende  pseudomorph  :  mineral  not  identified  ...  x    10. 

Plate  XV. 

40.  Mica-trap.     Lowest  dyke  Helmsgi  11         ...              ..  x   50. 

41.  Do.         *' Microlithenfilz"                  ...             ...  x200. 

42.  Do.         Microlites  based  on  mica-plate            ...  x  200. 


the  structure  and  affinities  of  lepidodendon. 
by  thomas  hick,  b.a.,  b.sc,  demonstrator  and  assistant  lecturer 

IN    BOTANY,   THE   OWEN's   COLLEGE,   MANCHESTER  ; 
AND  WILLIAM  GASH,  F.G.S.,  F.L.S.,  F.R.M.S. 

The  researches  of  Witham,  Biuney,  Carruthers,  and  above  all 
the  classical  investigations  of  Williamson,  into  the  histology  and 
anatomy  of  Lepidodendron  have  made  us  so  familiar  with  the  cliief 
structural  features  of  the  plants  belonging  to  that  genus,  that  it  can 
scarcely  be  regarded  iis  premature  if  au  attempt  ])e  now  made  to 
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assess  their  morphological  and  taxoiiomic  significance.  In  venturing 
to  undertake  the  task  of  doing  so,  we  have  endeavoured  throughout 
to  present  as  facts  only  such  as  seem  to  be  well  established,  and  to 
maintain  a  sharp  distinction  between  the  facts  and  the  conclusions 
we  suggest  as  dediicible  therefrom.  It  need  sc^ircely  be  said  that  the 
researches  of  Williamson  have  furnished  us  with  nearly  all  the 
materials  required  for  the  descriptive  part  of  this  paper,  but  care  has 
been  taken  to  verify  the  statements  made,  by  an  appeal  to  actual 
specimens  and  preparations,  wherever  these  were  to  be  obtained. 
For  this  part  of  the  work  we  have  been  greatly  indel>ted  to  Messrs. 
Spencer,  Binns,  and  Lomax,  who  have  kindly  allowed  us  to  examine 
their  specimens  of  Lepidodendron  and  compare  them  with  those  in 
uur  own  cabinets.  In  addition  to  this  we  have  profited  very  largely 
by  the  kindness  of  Prof.  Williamson  himself,  whose  readiness  to 
impart  information  on  all  occasions  and  in  any  way,  deserves  hearty 
and  sincere  recognition.  In  saying  this,  however,  we  must  add,  that 
in  no  way  is  he  to  be  held  responsible  for  anything  herein  contained 
which  goes  beyond  the  facts  and  conclusions  put  forward  in  his  own 
publications. 

With  respect  to  Lycopodium  and  Selaginella,  no  botanist  is 
unfamiliar  with  the  details  of  their  organization  and  structure,  but 
we  have  deemed  it  advisable  to  summarise  the  fundamental  and 
characteristic  features  of  the  stems,  in  order  to  give  point  to  the 
comparison  made  with  that  of  Lepidodendron. 

It  has  not  been  thought  necessary  to  deal  with  the  roots,  leaves, 
and  fruits  of  Lepidodendron  with  the  same  fulness  as  in  the  case  of 
the  stem,  nor  from  our  limited  knowledge  would  it  have  been  possible 
to  do  so.  At  first  sight,  it  might  seem  that  this  would  vitiate  to 
some  extent  the  conclusions  we  have  attempted  to  draw  as  to  its 
systematic  relations  with  Lycopodium  and  Selaginella.  Further 
reflection  will  show  however  that  such  is  hardly  likely  to  be  the  case. 
As  regards  roots,  it  is  well  known  that  in  existing  plants  there  is 
great  uniformity  in  structure,  even  in  groups  that  are  widely  separated 
and  that  root  characters  are  seldom  used  as  taxonomic  distinctions. 
Prom  the  systematist's  point  of  view  leaves  are  more  valuable,  espe- 
cially in  the  distinction  of  genera  and  species.     But  in  the  distinction 
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of  higher  groups  their  value  is  variable,  and  is  notoriously  small  in 
the  case  of  the  group  to  which  the  genera  we  are  dealing  with 
belong."^  In  Lepidodendran  the  waut  of  further  knowledge  of  leaf 
structure  is  undoubtedly  felt,  but  what  we  do  know  points  to  the 
same  conclusions  as  the  structure  of  the  stem,  or  at  least  is  not 
opposed  to  them.  The  fruits  are  of  prime  importance  in  the  search  for 
affinities,  but  rather  on  the  ground  of  their  general  organization  and 
the  nature  of  the  reproductive  bodies  they  bear  than  on  the  minuter 
details  of  their  structure.  This  is  well  seen  in  the  living  genus 
Ljfcojiodium,  in  which  there  are  species  with^nd  at  least  one  wiikout, 
a  distinctly  differentiated  fruit  cone. 

On  these  grounds  we  are  of  opinion  that  our  limited  knowledge 
of  the  fniits,  leaves,  and  roots  of  Lepidodendran,  though  much  to  be 
regretted,  and  to  be  remedied  at  the  earliest  possible  moment,  while 
suggesting  caution,  ought  not  to  deter  us  from  attempting  to  evaluate 
the  facts  we  have  already  acciuired. 

Lepidodendron. 

In  summarising  the  anatomical  and  histological  characters  of  the 
genus  Lepidodendron  we  will  take  the  organs  in  the  order  usually 
followed  by  descriptive  writers.  There  is  some  objection  to  this, 
inasmuch  as  it  is  impossible  to  keep  to  one  type  of  'the  genus  in  all 
cases,  while  in  others  the  type  to  which  the  organ  belongs  cannot  be 
definitely  determined.  But  the  advantages  of  this  course  appear  to 
be  much  greater  than  those  of  any  other,  and  we  have  therefore 
adopted  it. 

I.    The  Root. 

Most  palseobotauists  are  agreed  that  the  roots  of  several  Carbo- 
niferous genera  must  be  sought  in  Stigmaria,  seeing  tliat  stems  of 
Sigillariay  Lepidodendron  and  Knorria  have  all  been  found  in  organic 
connection  therewith.  But  there  is  some  divergence  of  opinion  as  to 
whether  Stigmaria  itself  or  its  appendages  are  the  true  roots. 
Williamsont  holds  that  the  axis  of  Stigmaria  "  viewed  as  an  organ" 
is  a  root,  and  that  the  appendages  are  rootlets.     Briefly  stated,  the 

*  Saoh'B  Text  Book  of  Botany,  2nd  Eng.  ed.,  p.  461. 
t  *•  Stigmaria  ficoidtsJ"    Palsdontographioal  Society*!  poblioation,  18S6. 
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following  is  the  structure  of  the  axis  and  appendages  of  Stigmcma,  so 
far  as  it  is  known. 

1.  The  Axis,  Most  specimens  of  Stigmarian  axes,  with  struc- 
ture, have  lost  both  cortex  and  appendages,  and  exhibit  only  a  cylin- 
drical mass  of  wood  or  xylem,  enclosing  a  cavity  tilled  with  mineral 
matt'er.  Transverse  sections  show  this  xylem  which  had  an 
exogenous  mode  of  development,  to  be  made  up  of  wedge-shaped 
masses  of  scalariform  tracheides  separated  by  primary  and  secondary 
medullary  rays.  The  tracheides  have  wide  lacuna,  are  nearly  square 
in  cross-section,  and,  except  at  the  apex  of  the  wedges,  form  regular 
radial  rows.  A  primary  vascular  bundle  at  the  apex  of  the  wedges 
cannot  be  distinguished.  The  nature  of  the  tissue  originally 
enclosed  within  the  xylem  cylinder  is  somewhat  doubtful,  but 
Williamson  believes  it  was  wholly  parenchymatous.  According  to 
Solms-Laubach  a  layer  of  bast  or  phloem  surrounded  the  xylem,  but 
this,  as  well  as  the  inner  parenchyma  of  the  cortex,  is  very  rarely 
preserved.  The  outer  portion  of  the  cortex  which  carries  the  apppen- 
dages  is  usually  well-preserved,  and  consists  of  two  layers  : — 

i.  An  outer  composed  of  thick-walled  parenchyma  which  is 
probably  the  primary  cortex,  and 

ii.  An  inner  composed  of  parenchymatous  cells,  elongated 
longitudinally,  with  pointed  ends,  and  arranged  in  radial 
rows.  These  are  probably  the  product  of  a  secondary 
meristem  zone  or  cambium  layer  lying  at  the  outer  periphery. 

2.  The  Appendages.  As  in  the  case  of  the  axis,  the  preserva- 
tion of  all  the  tissues  of  the  appendages  is  extremely  rare.  The  only 
perfect  specimens  hitherto  published,  so  far  as  we  are  aware,  are 
those  figured  and  described  by  Williamson.*  From  these  it  would 
seem  that  the  appendages  have  an  unmistakable  root-like  appearance, 
both  externally  and  internally,  and  occasionally  branch  dichotomously. 
In  the  young  condition  there  is  a  single  vascular  bundle,  enclosed  by 
a  thick  parenchymatous  cortex.  The  bundle  has  a  triangular  or 
ovate  form  in  cross  section,  the  apex  being  occupied  by  the  initial 
group  of  tracheides.  From  the  accounts  given  by  Williamson,  Solms- 
Laubach,  and  Schenk  it  would  seem  that  the  bundle  is  sometimes 

*  Memoin:   part  xL;   Stigmaria  fiooides:   Pal»ontographioal  Sooiety'a 
pablioatioiiB,  1886. 
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radial  and  at  others  collateral,  and  that  the  collateral  bundles  are 
capable  of  secDndary  growth.  In  all  cases  the  xylem  consists  of  a 
few  scalariform  tracheides,  with  parenchymatous  rays  between  them 
when  they  arc  collateral. 

,  II.    The  Stem. 

The  best  figure  and  description  of  the  internal  structure  of  the 
stem  of  a  Lepidodendrou  are  given  by  Williamson  in  the  eleventh 
part  of  his  memoirs.  Taken  from  a  specimen  supplied  to  him  by  one  of 
us,  in  which  the  whole  stnicture  from  centre  to  circumference  is  pre- 
served, it  affords  a  tolerably  complete  view  of  the  structure  ami 
arrangement  of  the  tissties  met  with  in  one  of  the  best  known  iy^^ 
uf  Lepidodendrou,  viz.,  that  described  as  Lepldodendron  selaginoides, 
Carr.  and  Williamson.  L.  vd^nlare,  Binney.  It  will  be  convenient 
therefore  to  summarise  Williamson's  account  of  this  stem,  and  make 
it  the  starting  point  for  the  comparisons  that  are  to  follow. 

1.  The  centre  of  the  stern  is  occupied  by  a  string  of  traoheides 
and  vessels,  circular  in  transverse  section,  among  which  are  a  few 
parenchymatous  elements.  The  tracheides  are  either  isodiametric  or 
elongated  longitudinally,  but  in  both  cases  are  scalariform  or  reticu- 
lated. The  vessels  are  restricted  to  the  periphery  of  the  string,  and 
appear  to  be  mostly  spiral  (pi.  xvii.  a) 

nds  string  is  spoken  of  by  Williamson  as  the  *  Vjiscular 
Medulla,'  tlie  *  Vascular  Axis,'  the  *  Vascular  Cylinder,'  etc.  It  is 
obviously  the  xylem  of  either  a  single  vascular  buu<Ue  or  of  several 
vascular  bundles. 

"2.  Surrounding  this  string  of  tracheides  and  vessels  is  a  zone 
of  tissue  termed  by  Williamson  the  hniprmoM  cortex.  Though  narro\^ 
he  finds  it  divisible  into  three  layers  :  (i.)  an  internal  one  of  *  ven* 
minute  cells  f/>) ;'  (ii.)  a  mi<ldle  layer  *  in  which  the  cells  are  of  larger 
size  (//J  ;'  and  (iii.)  an  outer  layer  '  in  which  the  cells  exhibit  a  ten- 
dency towards  a  cyclical  arrangement  (^'^)  '  This  *  innennost  cortt?x' 
is  the  bast  or  phloem  belonging  to  the  xylem  of  the  '  vascular  axis.' 

8.  At  the  outer  periphery  of  the  '  innennost  parenchyma,'  we 
come  upon  the  middh  cnrtrx  as  Williamson  terms  it,  ((/)  which  con- 
sists of  '  very  delicate  parenchyma,  the  cells  of  which  at  the  inner 
margin  exhibit  a  disposition  towards  a  radial  arrangement. 


Proc.  Yopkth.  QmI.  t,  Polyt.  S 
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4.  Lastly,  the  whole  of  the  preceding  tissues  are  enclosed  by 
the  external  cortex  {e).  This  **  consists  of  strongly  defined  thick- 
walled  cells  which  diminish  from  within  outwards."  **  The  smaller 
peripheral  cells  grmlually  pass  over  into  crescentic  clusters  of  radially 
disposed  prosenchymatous  cells  (/>.'*  This  prosenchymatous  tissue, 
according  to  Williamson,  arises  first  in  that  part  of  the  outer  cortex 
which  underlies  the  leaves  and  subsequently  becomes  a  thick  con- 
tinuous zone,  growing  in  breadth  as  the  stem  increases  in  age,  by 
means  of  a  cambium  layer  situated  at  its  outer  periphery. 

From  this  description  of  the  external  cortex  it  is  evident  that  we 
have  here  two  distinct  tissues,  which  it  will  be  advantageous  to  keep 
separate.  The  strongly  defined  thick- walled  cells  of  the  inner  zone  (e) 
represents  a  part  of  the  primary  cortex,  and  to  it,  in  strictness,  the 
term  external  cortex  should  be  confined.  The  prosenchymatous 
cells  {d)  are  absent  from  the  primary  cortex  of  young  twigs.  They  form 
indeed  a  s^econdary  tissue ^  arising  from  a  secondary  meristem^  and  may 
be  considered  as  a  kind  of  phelloderm  superadded  to  the  primary 
tissues. 

5.  At  the  edge  of  the  transverse  section  the  external  cortex 
runs  out  into  the  bases  of  the  leaves  {g\ 

6.  In  addition  to  the  tissues  already  enumerated  and  described, 
and  which  may  be  regarded  as  fundamental  and  characteristic,  the 
stem  of  Lepidodendron  selaginoides  when  fully  developed  has  a 
mass  of  secondary  vascular  tissue.  This  is  the  tissue  that  Williamson 
speaks  of  indifi*erently  as  *  the  exogenous  zone,*  '  the  vascular  zone,' 
or  '  the  ligneous  zone/  When  present  this  zone  of  tissue  is  inter- 
calated between  the  *  vascular  axis  *  and  the  *  innermost  cortex.*  It 
consists  of  thin  wedge-shaped  masses  of  elongated  scalariform  trach- 
eides,  separated  by  medullary  rays,  and  though  ofton  unilateral 
at  first,  forms  at  length  a  complete  zone  roun<l  the  '  vascular  axis.' 
The  elements  of  these  wedges  increjise  in  size  from  within  outwards 
until  a  certain  maximum  is  attained,  after  which  no  further  increase 
occurs.  By  the  action  of  a  cambium  ring  the  zone  grows  exogenously — 
i.e.,  by  additions  to  the  vascular  wedges  and  the  medullary  rays  at 
the  outer  periphery — and  in  this  way  an  increase  in  the  diameter  of 
the  st^m  is  brought  about. 
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7.  Finally  it  should  be  mentioned  that  the  vascular  bundles 
that  go  to  the  leaves  arise  at  the  periphery  of  the  '  vascular  axis/ 
and  therefore  must  pass  through  all  the  tissues  external  to  that  axis 
in  their  course  outwards. 

Such  then  is  a  description,  as  given  by  Williamson,  of  the 
structure  of  the  stem  of  Lepidodendron  9elaghwide». 

For  purposes  of  c^mpansou,  it  will  be  convenient  to  reduce  this 
description  to  its  lowest  terms,  and  to  express  the  essential  facts  in 
such  a  way  as  will  enable  us  to  detect  points  of  resemblance  or  difl'er- 
ence  when  we  pass  from  Lepidodendroii  selaginoides  to  other  types, 
and  from  these  again  to  other  genera. 

Beginning  at  the  centre  of  the  stem,  it  is  obvious  that  the 
"  vascular  axis*  and  the  '  innermost  cortex  represent  respectively 
the  xylem  and  phloem  of  an  A. vile  Vasrular  String  or  Cylinder, 
which  is  made  up  of  the  primm^  ntsrular  bundles.  Whether  this 
axile  string  is  a  .single  conceutric  bundle  or  an  aggregate  of  bundle>, 
and  wliether  it  is  wholly  made  up  of  leaf-trace  bundles  or  is  partly 
cauliiie,  is  not  definitely  known.  The  more  probable  view  is  that  it 
is  an  aggregate  of  bundles. 

The  '  external  cortex*'*'  and  the  '  middle  cortex*  of  the  above 
description  offer  no  difficulty.  They  are  obviously  the  equivalents 
of  those  divisions  of  the  cortex  which  De  Bary1  terms  hi^poderma 
and  inner  parencJnjma. 

Hence  the  primary  and  fundamental  stnicture  of  the  stem  of 
Lepidodendron  selaginoides  may  be  said  to  exhibit  the  following 
stnictures  : — 

(^a)  A  central  Axile  Vascular  Cylinder,  representing  owe  or 
more  vascular  bundles,  and  consisting  of 

i.     A  central  string  of  xylem,  enclosed  by 
ii.     A  zone  of  phloem. 

(b)  An  out'^r  mjiss  of  tissue,  forming  the  cortex,  and  divisible 

into 

i.     The  inner  parenchyma,  and 

ii.     The  hypoderma. 

*  In  the  reetrict^^d  seDse  explained  above, 
t  Compartivo  Anatomy  of  Phanerogamn  and  Ferns.     Eng.  ed.,  p.  4(4. 
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As  the  stem  advances  in  age  this  primary  structure  is  supple- 
mented by  the  introduction  of  two  additional  masses  of  tissue,  id  the 
Axile  vascular  cylinder  and  the  cortex  respectively. 

i  In  the  axile  vascular  cylinder  a  ring  of  cambium  appears 
between  the  primary  xylem  and  the  primary  phloom, 
and  gives  rise  to  secondary  vascular  bundles,  the  xylem 
of  which  forms  the  *  vascular  zone'  of  Williamson, 
ii.  In  the  hypoderina  of  the  cortex  another  cambium  ring 
makes  its  appearance,  and  gives  rise  to  a  sclerenchy- 
matous  phelloderm,  which  forms  the  mechanical  tissues 
of  the  cortex,  the  'prosenchymatous  tissues*  of  William- 
son, in  a  way  analogous  to  that  in  which  phelloderm  is 
formed  in  existing  gymnosperms  and  phanerogams. 

The  secondary  tissues  thus  produced,  though  they  may  turn  out 
to  be  essential  features  of  the  genus  LepidodendroUy  may  be  regarded 
as  a  part  of  the  adaptations  reipiired  for  the  aborescent  habit,  and 
need  not  appear  in  other  genera,  which,  with  l^pidodendron,  consti- 
tute a  grouj)  of  a  higher  order.  In  Dicotyledons  we  have  genera  and 
orders  in  which  such  secondary  structures  are  constantly  j)resent, 
and  others  again  in  which  they  are  constantly  absent.  Hence  there 
is  some  justification  for  regarding  the  primary  tissues  of  Lepidoden- 
dron  as  the  only  fundamental  and  chanicteristic  ones,  while  the 
secondary  tissues  are  dne  to  adaptative  re([uirements,  and  for  taxo- 
nomic  purposes  nnist  be  relegated  to  the  second  line. 

In  tins  connection  it  is  worthy  of  note  that  while  the  cambium 
which  arises  in  the  vascular  cylinder  gives  rise  on  the  inside  to  tracheides 
only,  with,  of  course,  medullary  rays,  that  of  the  hyi)oderma  produces 
only  sclerenchyma.  Thus  the  production  of  vascular  tissue  is  distinct, 
and  separated  in  space  from  that  of  mechanical  tissue,  while  in 
Dicotyledons,  as  is  well-known,  })oth  forms  of  tissue  arise  from  the 
same  cambium. 

Whether  in  the  case  of  the  secondary  vascular  bundles, 
secoudar}'  phloem  is  produced  in  any  ([uantity  as  well  as  secondary 
xylem  is  very  dotibtful.  Similarly,  the  formation  of  phelloderm  does 
not  appear  to  have  been  accompanied  by  the  formation  of  much 
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phellem  or  cork,  though  a  little  is  said  to  occur  in  Lepidodendron 
gdaginoides,* 

III.  The  Leaves. 

Speaking  generally  of  the  whole  group  of  Lepidodendrfa\  Sdienkf 
states  that  the  leaves  are  in  part  like  those  of  the  Lycopodiw  and 
Coniferce,  linear,  pointed,  and  sometimes  of  considerable  length,  as  in 
L»  langifoUum,  Brong.  ;  or  shorter,  as  in  L.  brevifoUum,  Ettingsh. ; 
ur  again  lanceolate,  as  in  L.  Ifaidingeri,  Ettingsh.  ;  or  finally,  short 
and  linear,  with  tips  curved  inwards  as  in  L,  selaginaides,  Stmbg. 

With  reference  to  the  leaves  of  L.  Rfiodumneuse,  Sohns-Laubach 
caysj  that  they  stand  off  from  the  stem  at  right  angles,  and  then 
curve  upwards  like  a  hook.  He  adds  that  the  transverse  section  of 
the  base  is  rhomboidal,  while  that  of  the  upper  part  is  crescentic, 
and  that  there  is  a  single  median  vascular  bundle.  Under  which 
type  of  bundle  this  is  to  be  placed  lias  not  been  definitely  determinerl, 
some  regarding  it  as  collateral  and  others  as  concentric.  il 

The  leaves  of  LepidodHndron  were  deciduous,  and  have  left  behind 
the  well-known  scars  and  cushions  by  which  the  older  pala?onto- 
logists  distinguished  the  various  forms  from  on^  another.  Aft^r  the 
fall  of  the  leaf  the  cushions  appear  to  have  grown  with  the  growth  of 
the  stem.  The  leaves  being  small  and  closely  crowded  round  the 
stem  on  all  sides  the  phyllotaxis  is  sf>mewhat  complicated,  thoiigb 
the  parastichies  are,  a,s  a  rule,  well  marked. 

IV.  The  Fruits. 

The  fruits  of  Lejndodeudron,  known  as  Lejndostrohi,  are  cone-like 
shoot-tips,  densely  clothed  with  more  or  less  modified  foliar  leaves  or 
sporophylls,  which  bear  sporangia  containing  si)ores.  The  outwanl 
appearance  has  some  resemblance  to  the  cones  of  Lycopodium  and 
Sehiginidki,  though  these  are  extremely  diminutive  compared  with 
Lfpidostrnhi, 

The  size  of  the  fruits  varies  within  wide  limits  as  do  the  indi- 
vidual sporophylls  and  sporangia,  both  in  size  and  shape. 

*  Einleituiig  in  did  Palaophjtologie,  Von  H.  Grafen  sa  boIiDB-Laubach,  p.  211. 

t  Dk  forailen  PflanzeDreete.  Von  Dr.  A.  Schenk  p.  60. 
X  Einleituog  in  did  Palaophjtologie,  Von  U.  Grafen  su  SoloiB-Laubach,  S.  2*J:i. 

Solms-Laubach.    Loc.  oit.,  p.  'J^lo, 
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In  the  sporophyll  is  a  single  median  vascular  bundle,  and  one 
CAn  generally  distinguish  'i.)  the  peculiarly  developed  basal  portion, 
to  which  the  sporangia  are  attached,  and  (ii.)  the  lamina,  which  is 
usually  turned  up  at  a  sharp  angle  over  the  outer  end  of  the  sporan- 
gium. 

Heterospory  is  a  common  phenomena  in  the  fruits  of  Lepido- 
dendron.  Binney,  Hooker,  and  others  have  described  specimens  in 
which  both  macrospores  and  microspores  are  present,  and  others  will 
be  found,  both  figured  and  described,  in  Williamson's  Memoirs.  In 
the  Lepidostrohus  dealt  with  by  the  last-named  author  in  Part  III., 
it  is  pointed  out  that  the  macrosporangia  occupy  the  lower  part  of 
the  fruit  and  the  miscrosporangia  the  upper,  as  is  the  case  with  some 
living  species  of  Selaginelluy  and  other  investigators  have  observed 
the  same  distribution. 

But  although  heterospory  is  common,  homospory  is  not  unknown, 
as  some  fruits  have  been  found  in  which  only  microspores  are  present. 
Many  of  these  however  are  but  frngments,  and  hence  it  is  possible 
that  if  the  whole  were  at  hand  the  other  form  of  spore  might  be 
found.  Moreover  the  possibility  that  some  Lepidodendra  were 
dioecious  must  not  be  overloooked,  since  the  knowledge  possessed  does 
not  enable  us  to  maintain  its  untenability.  Still,  without  minimising 
the  importance  of  these  considerations,  it  will  be  the  safer  course  to 
regard  some  of  the  Lepidodendra  as  being  homosporous. 

►Stem  of  Lycopodium. 

In  all  species  of  the  genus  LycojHxiium  the  stem  lias  the  same 
fundamental  structure. 

The  centre  is  occupied  by  an  a,ril('  vascular  cylinder,  circular  in 
cross  section,  formed  b}-  the  fusion  of  several  concentric  or  radial 
vascular  bundles,  and  this  is  surrounded  by  a  relatively  thick  cortege. 

Tlie  xyleni  portions  of  the  cylinder  consist  of  small  groups  of 
spiral  vessels,  between  which  are  plates  of  scalariform  tracheides.  In 
fully  developetl  stems",  the  whole  vascular  cylinder  is  composed  of 
xylem  and  phloem,  so  that  there  is  no  pith. 

In  Lycopodium  chamacyprissus  the  xylem  is  in  the  form  of  rib- 
bons which  run  more  or  less  parallel  to  the  dorsal  surface  of  the  stem,  and 
the  course  of  development  of  each  is  centripetal.     In  species  with 
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erect  stems,  e.g.  L.  ttelaffo,  the  xylem  is  more  symmetrical  with 
respect  to  the  axis,  and  takes  the  fonii  of  we(iKe-sha])e(t  ma>sscs  which 
radiate  from  the  centre  and  widen  outwanis. 

The  phloem  of  the  cylinder  fonns  a  sort  of  matrix  in  which  the 
xylem  is  imhe<ided.  It  (consists  of  the  usual  elements,  cells  and 
sieve-tul>es,  or  their  homologues,  tlie  latter  of  which  have  wider 
lamina  tlian  the  former.  The  phloem  is  surrounded  by  a  few  layers 
of  cells,  which  form  the  phloem  r^heath,  but  this,  according  t^ 
Hegelmaier,'*^'  seems  to  correspond  with  the  phlocm-sheatli  of  fenis. 
and  probably  belongs  to  the  cortex. 

Two  or  three  layers  of  cells  at  tiic  innermost  peri])her3'  of  the 
cortex  are  difterentiated  from  the  rest,  and  form  the  *  bundle  sheath/ 
The  cells  are  tangentially  compressed,  and  tlieir  walls  are  somewhat 
suberized. 

As  alreaily  stated,  the  cortex  is  relatively  thick,  juid  in  sevoml 
species  is  ix^adily  separable  into  two  layers,  though  these  generally 
pass  gradually  the  one  into  the  other.  These  correspond  to  tlif 
hypodernia  and  iiuier  parenchyma  of  I)e  Har\',  and  vary  in  character 
in  different  species,  as  is  indicateil  below. 

At  the  peripher}'  of  the  stem,  the  hypodernia  passes  over  into 
the  tissues  of  the  leaves,  which  for  the  most  part  are  nj>t  deciduous, 
and  are  attached  by  a  broad  bjuse. 

Stem  of  Selagixkll.\. 

The  steins  of  plants  included  in  this  genus  present  few  varieties 
of  structure,  save  those  found  in  the  vascular  tissues  and  in  the 
number  of  the  vascular  bundles. 

In  iS'.  MarfefiSfl,  there  is  a  single  central  vascular  bundle  of  the 
concentric  type,  and  composed  of  normal  xylem  and  pldocin. 

The  xylem  in  cro.ss  section  is  in  the  form  of  a  flattened  elhpse. 
and  consist's  of  two  opposite  marginal  groups  of  spiral  ve.ssels  con- 
nected by  scalarifonn  tracheides.  It  is  ^leveloped  centripetally  from 
the  two  opposite  points,  and  does  nt>t  include  a  pith. 

The  phloem  completely  invests  the  xylem,  and  is  comjjoseil  of 
parenchymatous  cells  and  sieve-tubes,  or  their  homologue:?.  Enclosing 
the  phloem  is  the  phloem-sheath,  composed  of  one,  two,  or  three 


*  Sachs'  Text  Book  of  Botany,  2nd  £ng.  ed.,  p.  468. 
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layers  of  cells  elongated  in  the  longitudinal  direction,  but  as  in  the 
CAse  oi  Lycopodium  this  is  probably  derived  from  the  cortex. 

The  stem  outside  the  vascular  bundle  is  made  up  of  a  thick 
cortex,  in  which  we  can  again  distinguish  inner  parenchyma  and 
hypoderma  as  in  Lycopodium.  The  hypoderma  is  a  thick-walled 
prosenchymatous  tissue,  destitute  of  intercellular  spaces,  which 
gradually  merges  into  that  of  the  inner  parenchyma.  The  latter  is  a 
thin-walled  tissue,  destitute  likewise  of  intercellular  spaces,  save  in 
the  immediate  neighbourhood  of  the  vascular  bundle.  Here  there 
occurs  a  large  lacuna  or  air-cavity,  in  which  the  bundle  lies,  and 
across  which  a  number  of  cortical  cells  run  in  threads  or  chains  called 
trabecular.  As  the  trabecuhe  cross  the  air-cavity  more  or  less  trans- 
versely, the  cells  which  compose  them  are  more  or  less  radially  dis- 
posed, a  point  to  which  wx»  shall  return. 

The  air-cavity  is  not  equally  well-developed  in  all  species  of 
Selaginella,  and  in  some  more  than  a  single  vascular  bundle  are 
normally  present. 

Comparison  of  the  stem  tissues  of  Lepidodendron  with  those 

OF  Lycopodium  and  Selaginella. 

We  now  come  to  the  delicate  and  difficult  task  of  comparing  the 
stems  of  the  three  genera  whose  anatomy  and  histology  have  been 
described  so  far  as  seemed  material  to  our  purpose.  Taking  the 
widest  and  most  general  conclusions  first  the  following  positions  may 
be  assumed  as  hardly  to  be  contested  : — 

1.  Secondary  growth  in  thickness  being  absent  from  Lyco- 
podium and  Selaginella,,  only  the  ])rimary  tissues  of  Lepidodendron y 
should  in  the  first  instance  be  brought  into  comparison  with  those  of 
the  other  genera. 

2.  In  all  the  three  genera  the  suiface  of  contact  between  the  vas- 
cular and  the  fundamental  tissues  may  he  held  to  be  separate  homo- 
logous structures.  That  is  to  say,  the  primaiy  vascular  bundles  of 
Lepidodendron,  as  a  whole,  are  homologous  with  the  axile  vascular 
cylinder  of  Lycopodium,  as  a  ivkole,  and  with  the  vascular  system  of 
Selaginella  as  a  whole.  Similarly,  the  primary  cortex  of  Lepidoden- 
dron is,  as  a  whole,  homologous  with  the  entire  cortex  of  Lycopodium 
and  that  of  Selaginella,     The  species  of  Selaginella  which  have  more 


328  HICK  AND  CASH  :  AFFINITIES  OF  LEPIDODENDBON. 

than  one  vascular  bundle  offer  no  objection  to  this.  In  them  the 
bundles  are  isolated,  whereas  in  Lycapixiium  they  are  fused,  but  there 
seems  no  reason  for  doubting  that  the  sheaths  of  fused  bundles  delimit 
the  same  groups  of  tissue  as  the  sheaths  of  the  bundles  themselves. 

Assuming  that  these  general  homologies  will  not  be  contested, 
the  comparison  of  the  stems  under  consideration  may  be  carried  into 
greater  detail.  When  this  is  done,  it  is  found  that  there  are  certain 
agreements  and  differences  between  them  that  may  be  formulated  as 
follows  : — 

A.    Lepidodendron  and  Ltgopodium. 

1.  Agreements. 

i.     Both  are  covered  by  numerous,  relatively  small  leaves, 
which  are  insert^sd  on  all  sides. 

ii.     Both  have  an  axile  vtiscular  cylinder,  which  has  probably 
arisen  by  the  fusion  of  a  number  of  vascular  bundles. 

iii.  In  both,  the  transverse  section  of  this  cylinder  is  circular, 
a  feature  wliirh  is  doubtless  to  be  correlated  with  the 
phyllotaxis,  the  leaf-trace  bundle.s  coalescing  with  the 
cylinder  on  all  sides. 

iv.  Ill  LifmiMHlium,  the  development  of  the  xylem  plates  is 
ceiitripetjil.  This  holds  also  for  Leptdodendron  iSj>encen, 
Will.,  as  described  by  AVillianison  in  his  tenth  memoir. 
The  appearance  of  the  ])riuiary  xylem  of  other  si>ecies  of 
Lcpidodiaidwn  suggest^";  the  same  order  of  development, 
but  positive  proof  of  this  is  still  wanting.  In  both 
genera,  however,  the  smallest  elements  are  at  the  peri- 
phery of  the  cylinder,  and  the  larger  c»nes  internal. 
V.  In  young  shoots  of  both  Lepidodendron  and  Lycopodlum 
the  cortex  appt»ars  homogeneous  in  composition,  the 
hypodenua  being  merely  distinguishable  topographically 
from  the  inner  parenchyma. 

vi.  In  both  again,  the  hypodernia  i)asses  gradually  into  the 
tissues  of  the  leaf 

2.  Difl'erences. 

i.     Liicopodinm    has    no    pith    enclosed    within    the    axile 
vascular  cylinder.     The  same  may  be  said  ot   l^efndo- 
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dendron  when  in  a  very  young  condition,  but  subsequently 
a  pith  is  found  in  the  centre,  which  Williamson  describes 
as  becoming  more  massive  as  the  shoot  becomes  older. 

ii.  In  Lycopodium  the  cross  section  of  the  axile  cylinder 
])resent8  the  xylem  in  the  form  of  a  number  of  distinct 
bands.  In  Lepidixhndron  the  elements  of  the  xyleni 
are  not  arranged  in  distinct  bands,  and  for  the  most 
part  are  in  contact  laterally  as  well  as  radially.  Further, 
the  increase  in  size  of  the  elements,  from  the  peripherj' 
inwards,  is  not  nearly  so  regular  as  in  Lycopodium, 
iii.  In  Lycopodium  the  phlocim  not  only  forms  the  peripheral 
part  of  the  axile  cylinder  but  is  also  intercalated  between 
the  bands  of  xylem.  In  Lepidodendron  the  phloem 
appears  to  be  entirely  outside  the  xylem. 

iv.  Lycopodium  possesses  both  a  phloem  sheath  and  a  bundle 
sheath,  but  these  have  not  yet  been  found  in  Lepido- 
dendron, Little  importance,  however,  can  be  attached 
to  this  difference  until  more  positive  evidence  is  obtained. 
It  is  well  within  the  limits  of  probability  that  better 
preserved  specimens  than  those  yet  discovered  may 
show  the  existence  of  one  or  more  sheathing  layers. 

V.  The  matured  cortex  of  most  species  of  Lycopodium 
frequently  shows  both  hypoderma  and  inner  parenchyma 
more  or  less  sclerenchymatous.  This  is  not  the  case 
with  Lepidodendron  selaginoides.  Here  the  inner 
parenchyma  is  a  soft  thin-walled  parenchyma,  rich  in 
intercellular  spaces,  and  the  innermost  layers  of  cells  have 
a  radial  arrangement.  The  hypoderma  is  composed  of 
elements  whose  walls  are  somewhat  thickened,  but  as  the 
mechanical  function  is  soon  thrown  upon  the  sclerenchy- 
matous secondary  phelloderm,  the  thickening  is  limited. 
B.  Lepidodendron  and  Selaginella. 
1.     Agreements. 

i.  In  both  Selaginella.  and  Lepidodetidron  the  hypoderma 
generally  consists  of  more  or  less  thick- walled  elements, 
ill  which  few  or  no  intercellular  spaces  are  met  with. 
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ii.  The  inner  parench3ina,  on  the  other  hand,  of  both  genera 
is  composed  of  thin-walled  elementA.  In  Sela^jfinella 
the  innermost  portion  is  traversed  by  an  air-cavity 
surrounding  the  vascular  bundle,  across  which  are 
stretched  cellular  filaments  whose  elements  are  disposed 
somewhat  railially.  A  radial  arrangement  of  the  cells 
is  very  conspicuous  at  the  inner  periphery  of  the  iniit»r 
parenchyma  of  Lepid<tdendron  sekigiuoide*^  an<l  this,  as 
well  as  the  ])OHition  immediately  outside  the  vascular 
bundle,  ]M)ints  to  the  homology  of  this  layer  with  tiie 
lacunar  tissue  of  MaglnelU^.  Some  confirmation  of 
this  is  found  in  the  fact  that  the  foliar  bundles  of  7^/- 
dodendron  arc  surr<iunded  by  similar  radially-arranged 
rows  of  cells,  while  the  corresponding  bundles  of  SeUuji- 
uella  are  enclosed  l)v  lacunar  tissue. 
2.     Difterences. 

i.  The  centre  (»f  tlio  stem  of  Schfjutel/n  is  occupieil  by  a 
simple  vasnlar  bundle  (whether  others  are  present  or 
iiotj,  the  cross  section  of  whicli  is  usually  an  elongated 
elhpse.  That  of  Lf/ti'lodcndnnf^  jis  ahead}'  stated,  is  a 
comj)oun(l  huudle.  with  a  circular  transverse  section. 

ii.  Tlie  vascular  bundle  of  ^eUtgiitdla  has  a  phloem  sheath, 
but  nothing  corresponding  to  this  has  yet  been  obsen'p*! 
in  Lf'iHiht'lmnhnu, 

iii.     The  vascular  bundle  «)f  SflatjhtMj  is  surroundeil  by  an 
air-cavity  which  is  not  present  in  L*pithnhmirini. 

Ta.XoNOMK;   HKLATK^NSHIP   nr   LePI1KU)KND1U»X,    liYPoPODirM 

AM)  »Si:laginklla. 
Ill  adding  a  i'ew  sentences  by  way  of  conclusion  on  tin* 
*.axonoMii('  rehitionshij)s  of  these  genera,  it  may  be  well  to  say  at  the 
outset,  that  we  acce})t  Williamson's  view  of  the  Lycopodiaceous 
aflinitics  of  Lepitfntffmfniu  as  one  which  n(»w  rests  on  a  sound  scieu- 
titic  basis.  In  other  words  we  arc  satisfied  that  the  place  of  /-♦'/"• 
doffptfron  is  soniewhen'  in  the  group  now  termed  Lvcoinxlineie.  But 
whether,  in  that  group,  it  should  stand  nearer  to  Lf/rttjhufhtm  than 
Sela'jindla  or  vice  cersUy  is  not  so  certain. 
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Goebel*  divides  the  Lycopodineae  into  three  series,  viz.,  Lycopo- 
diacew,  Psilotacew  and  Ligulatce^  and  classifies  Lepidodemfra  as 
heterosporous  LycopodiacecB, 

Van  Tieghem,t  on  the  other  hand,  divides  the  Lf/copodineie  into 
two  orders,  homosporous  and  heterosporous,  and  places  Tj^pidodendrnii 
in  the  latter,  along  with  Isoetes  and  Selaginella, 

Thus  while  both  agree  to  ignore  the  view  that  some  Lepid/)dendra 
were  homosporous,  one  attaches  weight  t^  the  characters  in  which 
they  agree  with  Lycopodium,  and  the  other  to  those  in  which  they 
agree  with  Sekiginella.  That  Lepidodendra  selagnioidett  does  unite 
within  itself  anatomical  and  other  features  which  Lycopodium  and 
Selnghidla  divide  between  them  is  shown  by  the  detiiiled  comparison 
given  above.  The  axile  vascular  cylinder  and  tlie  correlated  phyllotaxis 
approximate  to  those  of  Lycopodium^  while  the  cortical  tissues  and 
the  heterosporous  fruits  of  some  come  nearer  to  those  of  ^kigineXUi, 
It  is  difficult  however  to  evaluate  the  rival  claims  of  these  similarities 
and  diflFerences.  In  our  judgment  the  agreement  of  the  vascular 
tissues  is  not  of  itself  sufficient  to  warrant  the  association  of  Ijppido- 
dendroji  with  Lycopodium  as  is  done  by  Goebel ;  nor  on  the  other 
hand  are  the  heterosporous  fruits  and  the  cortical  resemblances 
sufficient  to  ally  it  with  Selaginella  as  is  done  by  Van  Tieghem. 
Probably  the  most  that  can  be  said,  is,  that  the  three  genera  have 
been  derived  through  a  series  of  intermediate  forms  from  some 
common  homosporous  ancestor,  from  whom  their  common  features 
have  been  inherited.  But  even  on  this  hypothesis  the  facts  at  our 
command  throw  little  light  on  the  relationships  of  the  diverging 
branches,  and  on  their  relative  positions  on  the  parent  stock.  We 
submit  therefore,  that  until  more  precise  knowledge  bearing  upon 
the  affinities  of  these  genera  is  obtained,  and  keeping  in  mind  that 
homospory  has  not  yet  been  positively  disprove!!  in  I^ppidodendron, 
the  grouping  of  the  Lycopodineai  should  be  somewhat  as  follows  : — 

Lycopodinea;. 

a,  Lycopodiacero. 

b.  Psilotacese. 

*  Ontlines  of  OlasBification  and  Special  Morphology, 
t  Traits  de  Botanique. 
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c.  Ligulateffi. 

d,  Lepidodendrefia. 

1.  Homosporous  Lepidodendreae. 

2.  Heterosporous  Lepidodendrere. 
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FOSSIL    FISH-REMAINS   FROM    CARBONIFEROUS    SHALES   AT    CULTRA, 
CO.    DOWN,    IRELAND.      BY   JAMES   W.    DAVIS,    F.G.S. 

Some  time  ago  I  received  a  small  collection  of  fossil  fish-remains 
collected  from  the  dark  carboniferous  shales  at  Cultra,  Co.  Down,  in 
Ireland,  by  Mr.  Chas.  Bulla,  of  Belfast.  The  majority  of  the  speci- 
mens are  somewhat  fragmentar}^  and  difficult  to  detenuine,  but  there 
are  others  which  appear  to  add  to  the  already  rich  fauna  of  the 
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Carboniferous  series  of  that  country.     The  latter  consists  of  two 
spines  and  a  number  of  bony  plates  of  a  species  of  Coelacanthus. 

In  1881,  in  a  paper  read  at  the  Geological  Society  (Quarterly 
Journal,  vol.  xxxvii.,  p.  427),  I  described  a  number  of  spines  obtained 
from  the  Cannel  Coal  at  Tingley  and  the  Lower  Limestone  series 
near  Edinburgh.  Similar  in  form  to  some  members  of  the  genus 
Pleuracanthus,  they  were  readily  distinguished  by  the  entire  absence 
of  lateral  or  posterior  rows  of  denticles.  For  these  spines  the  generic 
name  Anodontacanthus  was  suggested.  They  were  straight  and 
gradually  contract  in  diameter  towards  the  apex,  which  is  more  or 
less  pointed.  An  internal  cavity,  wide  at  the  base,  extends  nearly 
the  whole  length  of  the  spine ;  from  its  resemblance  to  the  form  of 
the  spine  of  Pleuracanthus,  it  is  probable  that  the  spine  of  Anodon- 
tacantlius  was  implanted  in  the  same  manner,  possibly  in  a  similar 
position  behind  the  occipital  region  of  the  head,  as  in  that  genus. 
The  fish  spines  from  Cultra  possess  the  generic  characters  of  Anodon- 
tacanthus, they  are  straight  and  tapering,  the  internal  cavity  opens 
terminally,  and  they  are  without  denticles.  They  are  much  more 
slender  in  proportion  to  their  length,  but  this  feature  can  only  be 
regarded  as  of  specific  importance. 
Anodontacanthus  attenuatns,  Davis,  sp.  nov. 

Spine:  length  preser\'ed  1*8  inches;  width  near  the  base  0*1  inch, 
decreasing  towards  the  apex,  which  is  half  the  diameter  of  the  base. 
The  spine  is  straiglit,  circular  near  the  base,  laterally  depressed,  with 
a  slight  median  groove  towards  the  apex;  its  surface  is  divided  by  a 
series  of  small  ridges  which  present  a  slightly  imbricated  appear- 
ance, between  the  ridges  the  surface  is  smooth.  An  internal  cavity 
extended  through  the  whole  length  of  the  spine,  so  far  as  these  speci- 
mens exhibit  it,  unfortunately  the  upper  termination  is  defective. 

This  species  differs  from  the  species  already  described  in  its 
elongated  fonn  and  attenuated  aspect.  From  A  nodontacanthiis obtusus 
and  A,  fastigiatm  it  may  be  distinguished  by  its  round  section  near 
the  base,  those  species  being  oval,  and  from  A,  acutiis,  which  is  uni- 
formly round,  it  is  readily  recognised  by  the  depressed  and  channelled ' 
lateral  surface  towards  the  apex.  The  ridges  ornamenting  its 
external  surface  also  serve  to  separate  this  form  from  those  previously 
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described.  Having  reference  to  its  long  and  sleuder  -  outline  the 
specific  name  of  A,  attenuatus  is  suggested  to  distinguish  this  species. 
CoflacantkiHf,  sp. 

Several  bones  of  Coelacaiithus  have  been  found.  Thotse  most 
readily  distinguishable  are  the  operculuui,  a  jugular  plate,  frontal 
bones  of  the  external  surface  of  the  bead,  and  a  portion  of  the 
i^houlder  girdle.  With  the  exception  of  the  jugular  bone  they  are 
all  exposed  on  tlie  under  surface.  The  jugular  plate  has  the  external 
surface  exposed  :  it  possesses  the  characteristic  ornamentation  of  the 
genus. 

The  plates  of  Coelacanthus  were  found  associated  with  a  number 
of  scales  of  moilerate  size,  said  to  be  a  species  of  Holoptychius :  I  Iiave 
not  seen  them. 
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SECRETARY  S  REPORT. 

During  the  past  year  there  has  been  an  addition  of  nine  new 
members,  the  total  number  now  being  219.  Of  these  five  are  honorary 
members,  and  thirty-six  have  compounded  for  tKeir  annual  subscrip- 
tions and  become  life  members. 

The  Society  has  met  three  times  during  the  year,  the  Annual 
Meeting  being  included.  A  meeting  was  held  in  May  at  Malton, 
when  Mr.  J.  H.  Phillips,  of  Scarborough,  presided,  and  papers  were 
read  by  Mr.  G.  W.  Lamplugh  and  the  Honorary  Secretary.  A  second 
meeting  was  held  on  August  14th,  at  Hickleton,  near  Doncaster, 
when  the  members  present  were  entertained  by  one  of  the  Vice- 
Presidents,  Lord  Halifax,  who  also  presided  at  the  meeting.  Seven 
new  members  were  elected,  and  Mr.  T.  W.  H.  Mitchell,  C.E.,  was 
elected  local  secretary  for  Bamsley,  Eight  papers  were  read,  the  one 
by  Professor  Arnold  Lupton  being  illustrated  by  the  oxy-hydrogen 
light;  the  others  were  by  Revs.  J.  Stanley  Tute  and  E.  Maule  Cole, 
Messrs.  William  Cheetham,  J.  R.  Mortimer,  T.  Carter  Mitchell,  and 
and  George  R.  Vine. 

A  sum  of  five  pounds  was  voted  from  the  funds  of  the  Society, 
to  be  presented  to  Mr.  G.  R.  Vine  to  enable  him  to  prosecute  his 
original  researches  in  Fossil  Polyzoa. 

The  Annual  Meeting  was  the  third,  and  was  held  in  the  rooms  of 
the  Philosophical  Society,  Leeds.  The  president,  the  Marquis  of  Ripon, 
occupied  the  chair,  and  the  usual  business  of  the  annual  meeting 
was  transacted.  The  President  gave  an  address,  and  papers  were 
read  by  Messrs.  C.  E.  De  Ranee,  G.  R.  Vine,  T.  Tate,  G.  W.  Lamplugh, 
Hick  and  Cash,  and  Rev.  E.  Jones. 

To  the  following  list  of  Local  Secretaries  must  be  added  the 

the  name  of  Mr.  T.  W.  H.  Mitchell,  C.E.,  who  has  kindly  undertaken 

the  office  for  the  Bamsley  district. 

Bradford Thos.  Tate,  F.G.8.,  5,  Eldon  Mount,  Leeds 

Bridlington      G.  W.  Lamplugh,  Bridlington  Quay 

Driffield    ReT.  £.  Maule  Cole,  M.A.,  Wetwang 

Halifax     Geo.  Patchett,  Junr.,  Halifax 

Harrogate B.  Peach,  Harrogate 

Huddersfield    P.  Sykes,  33,  Estate  Buildings,  Huddenfield 
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Leeds S.  A.  Adamaon,  F.O.S.,  52,  Well  doee  Temoe, 

Leeds 

Leybum  and  Wensleydale    W.  Home,  F.O.S.,  L^bmn 

Think      W.  Gregson,  B&ldenby,  Think 

York H.  M.  Platnaner,  The  MoseaiD,  York. 

The  Society  is  much  indebted  to  these  gentlemeii  for  their 
continued  interest  in  its  welfare. 

The  proceedings  and  memoirs  of  tlie  learned  Societies,  whose 

munes  are  api>en(le(l,  are  forwarded  to  this  Society  ;  in  exchange,  our 

proceedings  art  sent  to  them.     The  thanks  of  the  Society  are  due  and 

hereby  tendered  to  those  Societies  for  their  respective  contributions. 

Ewez  Natnraliats  Field  Clnb 

Norwich  Geological  Society 

Memoriaa  de  la  Sociedad  Gientifica  "  Antonio  Alaate  "  Mexico 

Yorkshire  Archasoloj^cal  and  Topographical  Society 

■ 

WarwiokHhire  Natural  History  and  ArchsBological  Society 

Royal  Society  of  Tosmauia,  Van  Dieman*B  Land 

Royal  Dnblin  Society 

Royal  Academy  of  Science,  Stockholm,  Sweden 

Geological  AsHociatiou,  Liverpool 

Royal  Historical  and  Archaaological  Association  of  Ireland 

Geologists'  AsAOciution,  London 

Manchcstt  r  Geological  Society 

Literary  and  Philosophical  Society,  Liverpool 

Royal  Institution  of  Cornwall 

Royal  Geolog^ical  Society  of  Ireland 

Midland  Naturalist,  Birmingham 

Academy  of  Natural  Sciences,  Philailclphio,  U.S.A. 

Naturhistorischen  Hof museum,  Wien,  Austria 

Societie  Imperiale  d(s  Naturalistes,  Moscow 

United  States  Geological  Survey  of  the  Territories,  Washington 

Boston  Society  of  Natural  History,  U.S.  America 

Hull  Literary  and  Philosophical  Society 

Connecticut  Academy  of  Arts  and  Sciences 

Academy  of  Science,  St.  Louis,  U.S.  America 

Historical  Society  of  Lancashire  and  Cheshire 

Geological  Society  of  London 

Royal  University  of  Norway,  Christiana 

Soci^td-Geologique  du  Nord,  Lille 

Royal  Society  of  Edinburgh 

Royal  Geological  Society  of  Cornwall 
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Boyal  Physical  Society  of  Edinboxf^h 

Overeigt  over  det  Eonigelige  Danske  Yidenskabemes  Selfikabe,  Ejopenhavn 
Maseum  of  Comparative  Zoology,  Cambridge,  U.S.A. 
Watford  Nataral  History  Society  and  Hertfordahire  Field  Clnb 
•  BirmiDgham  Natural  History  and  Microeoopical  Society 
Bristol  Natoralista*  Society 
Leeds  Geological  Association 
Patent  Office  Library,  London 
Powis  Land  Nataralists'  Club,  Aberystwith 
American  Philosophical  Society,  Philadelphia,  U.S.A. 
Comitd  Geologiqae  de  Russie,  St.  Petersburg 
Elisha  Mitchell  Scientific  Society,  Chapel  Hill.  U.S.  America 

The  Jubilee  History  of  the  Society  has  been  completed  and 
issued  to  the  Members  without  extra  charge.  It  may  be  reasonably 
hoped  that  interest  in  the  Society  will  be  engendered  and  that  an 
increase  in  the  number  of  members  may  be  one  result  of  the  publication. 
It  is  very  desirable  that  the  income  of  the  Society,  and  consequently 
the  number  of  its  members,  should  be  increased ;  the  amount  and 
quality  of  its  work  is  influenced  by  the  funds  the  Council  liave  at 
their  disposal  for  printing  and  illustration. 

The  exploration  of  the  ancient  Sea-beach  at  Sewerby,  near 
Bridlington,  has  been  discontinued,  so  as  to  afford  an  opportunity  to 
the  sea  to  wash  away  all  the  detritus  removed  from  the  part  exposed. 
The  large  series  of  bones  obtained  during  the  investigation  are  in 
process  of  gelatinization  by  Mr.  Lamplugh  at  Bridlington.  , 
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MINUTES  OF  MBBTINQS. 

Council  Meeting,  Philosophical  Hall,  Leeds,  April  10th,  1889. 

J.  Ray  Eddy,  Esq.,  in  the  chair ;  present — Messrs.  Reynolds, 
Cheetham,  Bedford,  Adamson,  Gray  and  Davis. 

The  minutes  of  the  last  meeting  were  read  and  confirmed. 

The  following  account  was  ordered  to  be  paid  : — 

Halifax  Literary  and  Philosophical  Society    2s.    6d. 

The  Hon.  Secretary  presented  a  copy  of  the  History  of  the 
Society,  and  it  was  resolved  on  the  motion  of  Mr.  Cheetham,  seconded 
by  Mr.  Bedford, — 

That  the  volume  be  bound  in  cloth. 

Mr.  Reynolds  proposed,  and  Mr.  Bedford  seconded, — 

« 

That  copies  be  supplied  to  members  without  charge  before  the 
end  of  the  current  year,  and  that  extra  copies*  may  be  supplied  to 
members  at  a  charge  of  5s.  each. 

It  was  resolved  that  a  meeting  be  held  as  soon  as  possible  in 
May,  and  that  the  Secretary  make  the  necessary  arrangements  for  it. 

General  Meeting,  Talbot  Hotel,  Malton,  May  8th,  1889. 

.1.  PL  Phillips,  Esq.,  occupied  the  chair. 

The  minutes  of  the  annual  meeting  were  read  and  confirmed. 

The  following  papers  were  read  :  — 

G.  W.  Lamplugh,  "On  the  sequence  of  the  Beds  at  Speeton 
and  their  foreign  equivalents." 

The  paper  was  discussed  by  the  Chairman,  Rev.  E.  Maule  Cole, 
and  Mr.  Davis. 

James  W.  Davis,  "On  a  Biographical  notice  of  Hugh  E. 
Strickland,  F.G.S.,  &c." 

A  vote  of  thanks  to  the  Chairman  terminated  the  proceedings, 
the  authors  of  papers  being  also  included. 

Meeting  of  the  Council^  Leeds,  July  10th,  1889. 

Richard  Carter,  Esq.,  in  the  chair ;  present — Prof.  A.  Lupton, 
Messrs,  Rowley,  Atkinson  and  Davis. 

The  minutes  of  last  meeting  were  read  and  confirmed.  A  corres- 
pondence between  the  Hon.  Secretary  and  Lord  Halifax  was  read, 
and  it  was  resolved  on  the  motion  of  the  Chairman,  seconded  by 
Mr.  Rowley,  - 
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That  the  invitation  of  Lord  Halifsix  to  meet  at  Hickleton  be 
accepted,  and  that  the  meeting  be  held  at  3-0  p.m.  on  August  14th. 

It  was  resolved  that  papers  be  accepted  from  Prof  A.  Luptoii, 
Mr.  G.  R.  Vine,  Rev.  J.  S.  Tute,  and  Mr.  W.  Cheetham. 

A  letter  from  Mr.  6.  R<  Vine  was  read  by  the  Hon.  Secretary,  and 
on  the  motion  of  Mr.  Atkinson,  seconded  by  Mr.  Lupton,  it  was 
resolved, — 

That  the  Society  be  reconmiended  at  its  next  general  meeting 
to  make  a  grant  from  its  funds  to'  Mr.  Vine,  to  a^^^iHt  iiini  in  tiie 
prosecutions  of  his  researches  on  the  Fossil  Polyzoa. 

Mr.  Atkinson  proposed,  the  Chairman  seconding, — 

That  this  Council,  at  the  [first  meeting  since  the  publication  of 
the  History  of  this  Society,  begs  to  thank  the  Honorary  Secretar>", 
Mr.  Davis,  for  the  very  able  manner  in  which  he  has  compiled  and 
edited  it,  the  resolution  was  carried. 

General  Afeetingut  Hickleton,  the  residence  of  Viscount  Halifax. 
Vice-President,  August  14th,  1889. 

The  chair  was  occupied  by  Viscount  Halifax. 

The  minutes  of  the  last  meeting  were  read  and  coufinuotl. 

The   Honorary  Secretary  pro^iosed,  and  Mitchell  .seconded,  and 
it  was  carried  unanimously — 

That   the   following  gentlemen  be  adniitteil  uieniber-    of    the 
Society  : 

Matthew  Stephenson,  Es(|.,  Queen's  Road,  Harmgate. 
Rev.  W.  Travis  Travis,  M.A.,  Rector  of  Rijdey,  Yorkshire 
J  no.  Lister,  Esq.,  M.A  ,  Shibden  Hall,  Halifax. 
M.  Nicholson,  Es(i.,  J. P.,  Middleton  Hall,Iieeds. 
Michael  Stocks  Junr.,  Es^j.,  Shibden  Head,  Halifax. 
IT.  St.  John  Durnford,  Esq.,  Swaithe,  near  Barnsley. 
J.  C.  Thouq)sou,  Esq.,  Solicitor.  Selby. 

Proposed  by  the  Honorary  Secretary,  .seconded  by  Mr.  R.  Siigden. 

That  T.  W.  H.  Mitchell,  E.sq.,  C  E,  &c.,  be  elected  the  Honorar}- 
liocal  Secretary  for  Barnsley.     Carried. 

Proposed  by  J.  T.  Atkinson,  Esq..  and  seconded  by  Rev.  J.  S. 
Tute,  that  a  grant  from  the  Society's  funds  of  £5  be  made  to  ilr. 
G.  R.  Vine,  of  Sheffield,  in  recognition  of  his  valuable  researches  in 
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the  Fowil  Pulyzua,  and  to  assist  hun  in  further  prosecutioa  of  his 
work.     Carried  with  acclamation. 

The  Chairman  gave  an  address. 

The  following  papers  were  read  : — 

"  Notes  on  the  Burrows  of  a  Stone-boring  Shell-fish  in  the 
Permian  Sandstone."     By  Rev.  J.  Stanley  Tute,  B.A. 

"  On  a  Boulder  with  cup  and  ring  markings,  found  at  Horsforth, 
near  lieed.^."     By  W.  Cheetham,  F.G.S. 

"  Notes  on  Gold,  Salt,  and  Slate  Mines  in  Great  Britain,"  illus- 
trated hy  the  oxy-hydrogeu  lantern.  By  Professor  A.  Lupt^n,  C.R, 
F.G.S.,  &c. 

"  On  the  Pre-Histiwy  of  the  village  of  Fimber."  By  J.  R. 
Mortimer,  F.G.S. 

"On  the  Boulders  of  the  Drift  near  Thirsk."  By  T.  Carter 
Mitchell. 

*'  Monograph  on  the  Yorkshire  Carboniferous  Polyroa,  Part  II." 
By  Geo.  R.  Vine. 

"  Notes  on  British  Eocene  Polyzoa."     By  Geo.  R.  Vine. 

"  Notes  on  the  new  line  of  Railway  from  Market  Weighton  to 
Driffield."    By  Rev.  E.  Maule  Cole,  M.A.,  &c. 

The  last  paper  was  deferred  to  a  future  meeting  on  account  of 
the  lateness  of  the  hour. 

Mr.  J.  T.  Atkinson  proposed  a  vote  of  thanks  to  the  Chairman 
and  the  contributors  of  papers,  seconded   by  Mr.   M.   Nicholson. 

Meeting  of  the  Council,  Museum,  Leeds,  October  23rd,  1889. 

Mr.  J.  T.  Atkinson  in  the  chair. 

Present : — Messrs.  Atkinson,  Bedford,  Gray,  Davis,  Cheetham, 
Bedford,  Carter,  Embleton,  Parke,  Tate,  Reynolds,  Adamson,  and 
Prof.  Lupton. 

The  minutes  of  the  last  meeting  were  read  and  confirmed. 

The  following  accounts  were  ordered  to  be  paid  on  the  motion 
of  Mr.  Cheetham,  seconded  by  Mr.  Gray : — 

£    8.    d. 

Whitley  &  Booth  23    6    0 

Do.  101  15    6 

On  the  motion  of  Mr.  Atkinson,  seconded  by  Mr,  Carter,  the 
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arrangements  fur  the  annual  meeting  to  be  held  at  Leeds,  on 
Wednesday.  30th  October,  made  by  the  Honorary  Secretary  be  con- 
finned  ;  that  the  Marquis  of  Ripon  occupy  the  chair,  and  papers 
be  accepted  from  Messrs.  De  Ranee,  Vine,  Tate,  Lamplugh,  Hick, 
and  Rev.  R  Jones. 

It  was  also  resolved  that  the  members  dine  at  the  conclusion  of 
the  meeting  at  the  Queen's  Hotel. 

Mr.  6.  H.  Parke  proposed,  Mr.  Carter  seconded,  and  carried, — 

That  the  Leeds  Geologists'  Association  be  invited,  through  their 
Secretary,  to  be  present  at  the  annual  meeting. 

Mr.  T.  W.  Embleton,  through  the  Honorary  Secretary,  presented 
to  the  Society  a  large  amount  of  matter  relating  to  its  earlier  years 
which  were  of  great  assistance  to  the  Honorary  Secretary  in  the 
preparation  of  the  History  of  the  Society  recently  published,  where- 
upon it  was  resolved  on  the  motion  of  Mr.  T.  Tate,  F.G.S  ,  seconded 
byMr.  G.H.Parke,  F.G.S.,— 

That  the  best  thanks  of  the  Society  be  tendered  to  Mr.  Embleton 
for  his  valuable  gift. 

Annual  Meeting  held  at  the  Museum,  Leeds,  on  Wednesday, 
October  30th.  1889. 

The  President  the  Marquis  of  Ripon  in  the  chair. 

The  Hon.  Secretary  read  the  Minutes  of  the  last  General  Meeting 
which  were  confirmed. 

The  Hon.  Secretary  read  the  Annual  Report  and  made  a 
financial  statement  which  was  approved. 

On  the  motion  of  Mr.  R.  Carter,  seconded  by  Mr.  T.  W. 
Embleton,  the  Marquis  of  Ripon,  K.G.,  was  re-elected  President  for 
the  ensuing  year. 

On  the  motion  of  Mr.  Davis,  seconded  by  Mr.  Atkinson,  the 
Vice-Presidents  were  re-elected. 

Mr.  W.  Cheetham  proposed  and  Mr.  W.  Rowley  seconded,  and 
it  was  carried,  that  Mr.  James  W.  Davis  be  re-elected  Hon.  Secrotarv, 
and  that  Mr.  Wm.  Cash  be  re-elected  Treasurer. 

On  the  motion  of  the  Rev.  J.  Stanley  Tute  the  Members  formini? 
the  Council  were  re-elected. 

Mr    Davis  moved  and  Mr.    Eddy  seconded  that   Mr.   J.   T. 
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Wilkinson.  Burnside,  Skipton,  be  elected  a  Member  of  the  Society, 

carried. 

The  Marquis  of  Ripon,  after  thanking  the  members  for  his 

re-election,  gave  an  address. 

The  following  Papers  were  read: — 

Chas.  E.  de  Ranee,  F.G.S.,  "  Notes  on  the  Underground  Water 

Suj)ply  and  River  Floods." 

The  Chairman,  Mr.  Davis  and  Mr.  Embleton  spoke  on  the  paper. 
G.  R.  Vine,  "  On  the  Polyzoa  of  the  Cambridge  Greensand." 
Thos.  Tate,  F.G.S.,  "  Part  II.  of  Yorkshire  Petrology." 
G.  W.  Lamplugh,  "  Report  on  the  Boulders  of  Flambro*  Head." 
Thos.  Hick,  B.A.,  B.Sc,  &c.,  and  Wm.  Cash,  F.G.S.,  &c.,  "On 

the  structure  and  affinities  of  Lepidodendron." 

Rev.  E.  Jones,  "  Further  account  of  the  investigation  of  Elbolton 

Cave,  near  Skipton." 

G.  W.  Lamplugh,  "  Glacial  Section  near  Bridlington." 

A  vote  of  thanks  to  the  chairman  and  the  authors  of  papers 

conchided  the  meeting. 

The  members  afterwards  adjourned  to  the  Queen's  Hotel  and 

dined. 
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summaby  of  geological  liteilatubb  belatinq  to  torkshire, 
Published  dubing  1889. 

Gompned  by  JAMBS  W.  DAVIS. 

Anon.  On  the  iDTeetifration  of  BritiBh  Barrows,  near  Hnnmanbj,  in  the  Eaiit 
Biding.     Proc  Torkak.  Oeol  and Pbfyt.  Soc.,  ToL  xi,  p.  91.  ^ 

Bixnib,  W.  J.  E.  The  Mesoaoic  Bocke  of  the  North-east  Coaat  of  Ixaland. 
Ptoc  York$h,  Geoi,  mmi  Po/jft,  Soc ,  Tol.  zi.,  p.  63. 
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ON   THE  CHANGES  OF  THE  LOWER  CARBONIFEROUS  ROCKS  IN  YORKSHIRE 

FROM  SOUTH  TO   NORTH.     BY  J.    R.    DAKYNS, 

OF  H.M.   GEOLOGICAL  SURVEY. 

In  order  to  understand  the  geology  of  the  country  north  of  the 
Aire,  I  will  first  give  a  short  sketch  of  the  chief  features  presented 
by  the  Millstone  Grit  and  Lower  Carboniferous  measures,  as  we  follow 
the  beds  from  Derbyshire  to  Wensleydale. 

In  Derbyshire  the  Millstone  Grit,  as  hitherto  defined,  consists  in 
descending  order  of  four  or  five  well-marked  grits,  separated  by 
shales,  viz. .  the  so-called  first  or  topmost  grit,  named  also  Rough 
rock  from  its  coarse  character  ;  the  second  grit,  generally  a  flagstone  ; 
the  bold,  well-jointed  rock  of  Hathersage  Edge  and  Stanedge,  or  the 
third  grit ;  and  lastly,  the  fourth  or  Kinderscout  grit,  which  some- 
times consists  of  two  beds. 

Below  the  Kinderscout  grit  comes  a  thick  and  variable  series  of 
sandstones  and  sandy  shales,  the  "  shale  grit"  of  Farey,  which  has 
been  generally  called  the  Yoredale  or  Upper  Yoredale  grit ;  and  then 
come  shales  in  which  sometimes  occur  siliceous  sandstones,  known  as 
Yoredale  Sandstones,  or  Lower  Yoredale  Grit ;  then  come  calcareous 
shales;  and  finally  the  Carboniferous  Limestone  of  unknown  thickness, 
the  upper  part  of  which  is  thin-bedded  and  cherty,  the  lower  massive 
and  free  from  chert. 
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Gloing  northwards  this  type  undergoes  great  changes  ;  the  second 
grit  is  merely  a  basement  bed  to  the  Rough  Rock,  from  which  it  cannot 
always  be  separated  ;  the  third  grit  loses  its  massive  character  in 
many  places  ;  and  other  beds  of  sandstone  show  themselves  amid  the 
shales  overlying  the  Kinderscout  grit. 

In  the  valley  of  the  Colne  there  are  four  sandstones  between  the 
Rough  or  Sand  Rock  and  the  recognised  Kinderscout  grit ;  the  same 
is  the  case  m  the  valley  of  the  Yorkshire  Calder  ;  but  in  the  basin 
of  the  Aire  the  series  consists  in  descending  order  of  the  following 
beds  :  First,  the  Rough  Rock,  which  maintains  throughout  its  usual 
character  till  it  is  lost  to  sight  beneath  the  Permians  ;  seccondly,  a 
very  variable  basement  bed  to  the  last,  consisting  generally  of  flag- 
stones. Below  this  comes  a  series  of  variable  sandstones  and  shales, 
sometimes  containing  as  many  as  fifteen  or  sixteen  distinct  beds  of 
sandstone  between  the  Rough  Rock  and  the  regular  Kinderscout 
grit.  This  set  of  beds  may,  however,  be  conveniently  divided  into 
two  by  means  of  the  massive  ^Tit  of  Hallan  Hill  and  Earl  Crag,  which 
is  continuous  with  the  third  grit  of  Lancashire.  It  is  this  rock 
whicli,  according  to  the  mapping  of  Mr.  Lucas,  forms  the  well-knowu 
Brimham  Rocks,  near  Pateley  Brig. 

Owing  to  the  number  of  sandstones  that  have  now  come  in,  iti> 
somewhat  uncertain  what  ought  to  be  taken  as  the  top  of  the  Kinder- 
scout grit ;  but  there  is  no  doubt  whatever  about  the  main  mass  of 
the  bed,  for  it  retains  throughout  the  country  its  character  of  a  ver}' 
coarse  and  massive  grit,  forming  crags  and  stacks  of  rock.  It  is 
underlaid  by  a  thick  but  variable  series  of  sandstones  with  shale 
partings.  As  there  is  ofttinies  no  definite  line  of  separation  between 
tliese  beds  and  the  Kinderscout  grit,  we  now  classify  them  with  the 
millstone  grit,  and  call  them  Pendle  grits,  because  they  form  the 
chief  features  of  that  conspicuous  hill.  Below  them  lie  the  Black 
Bollaud  shales,  at  the  base  of  which  comes  sometimes  wliat 
Mr.  Tiddemau  hjis  called  the  "Lower  Yoredale  Grit."  In  Htho- 
logical  character  the  beds  of  this  grit  answer  very  well  to  certain 
hard  silicious  sandstones  of  the  Yoredale  series,  known  to  miners  as 
Dirt  Pot  grits.  In  the  neighbourhood  of  Skipton  the  Kinderscout 
and  Pendle  grits  are  underlaid  hy  a  great  thickness  of  shales    con- 
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taining  two  well-marked  limestones,  viz.,  those  of  Eastby  and  of 
Embsay.  Below  the  shales  comes  the  thick  limestone  (800  feet  seen) 
of  Haw  Bank.  It  is  a  dark  thin-bedded  limestone,  precisely  similar 
in  character  to  the  Thornton  limestone,  to  which  it  is  probably 
equivalent.  It  is  extensively  quarried  for  road  metal  in  the  Haw 
Bank  near  Skipton.  The  strike  of  the  beds  south  of  the  Aire  is 
generally  N.E  and  S.W.,  the  dip  increasing  westward ;  but  about 
the  latitude  of  Skipton  the  beds  bend  round  so  as  to  strike  nearly 
east  and  west,  with  a  dip  of  20®  to  the  south  on  Skipton  Moor. 
An  anticlinal  ranges  along  Skibeden  from  Skipton  to  Bolton  Abbey, 
with  a  steady  dip  to  the  north,  and  many  a  fold  on  the  south.  Thus 
the  mountain  limestone  of  Haw  Bank  has  been  brought  up  between 
two  ranges  of  millstone  grit  hills,  viz.,  Skipton  Moor  on  the  south 
and  Embsay  Moor  on  the  north.  The  beds  are  much  faulted  and 
contorted,  particularly  along  the  south  side  of  Skibeden.  Good 
instances  of  contortion  are  to  be  seen  at  Draughton  and  Wheelam 
Rock  Quarries,  and  at  the  Hambleton  Rock  Quarry  ;  and  a  fine 
section  of  contorted  beds  is  to  be  seen  in  Haltongill. 

The  Kinderscout  grit  of  Skipton  and  Draughton  Moors  striking 
east  descends  to  the  River  Wharf,  north  of  Addingham.  Its  high 
southerly  dip  carries  it  up  the  slope  of  Langbar  Moor,  its  base 
running  just  below  Beamsley  Beacon.  It  then,  under  the  influence 
of  a  branch  of  the  Skipton  anticlinal,  plunges  down  northward  to  the 
Kex  Beck,  where  the  beds  bend  up  again  and  rise  northward  to 
Hazlewood  Moor  and  Bolton  Park.  Here,  on  the  strike  of  the 
Skipton  anticlinal,  the  beds  bend  over  northward,  and  recross  the 
Wharfe  below  Laund  House.  South  of  this,  as  far  as  Bolton  Abbey, 
limestones  and  shales  are  seen  along  the  river. 

The  Pendle  grits  run  along  the  slope  of  Skipton  Moor  to  Pair- 
field  Hall ;  and  east  of  the  Wharfe  are  found  about  Beamsley  and 
Storriths.  They  have  not  been  everywhere  identified  on  the  north 
side  of  Skibeden.  The  general  run  of  the  beds  on  this  side  is,  how- 
ever, tolerably  plain.  A  set  of  bold  crags  marks  the  escarpment  of 
this  Kinderscout  grit  along  Halton  and  Embsay  Moors,  Rylstone, 
Bumsall,  and  Thorpe  Fells.  Beneath  the  western  escarpment  of  the 
Kinderscout  grit,  the  Pendle  grit  forms  at  intervals  promontories  on 
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the  Fell  side.  It  has  not  been  traced  farther  than  the  northern 
extremity  of  Bumsall  Fell  The  Kinderscout  grit  lies  in  the  shape 
of  a  synclinal  trough  dipping  eastward  ;  and  it  thus  occupies  with 
its  various  members  the  whole  extent  of  Bumsall  Fell,  Barden,  and 
Embsay  Moors.  The  rock  is  well  seen  along  the  Wharfe,  particularly 
at  the  celebrated  Strid  in  Bolton  Woods.  On  the  east  of  the  Wharfe 
these  grits  rise  up  in  a  sort  of  broken  dome,  with  a  quaquaversal  dip 
to  form  the  summit  of  Barden  Fell,  marked  by  the  bold  crags  of 
Simon  Seat.  Near  these  crags,  at  the  very  summit  of  the  Fell,  more 
than  1,450  feet  above  the  sea,  some  pot  holes,  one  of  which  from  it5 
size  is  called  *'  the  great  shak,"  mark  the  presence  of  limestone 
beneath  the  surface.  The  grits  may  be  seen  in  Howgill  and  in  Fell 
Plantation,  dipping  steeply  to  the  N.W.  into  the  valley  ;  but  alon^ 
Skyreholme  Beck  they  turn  up  and  dip  steeply  to  the  S.E.  From 
Appletreewick  the  grits  strike  north-eastward,  underlaid  by  a  mass  of 
shale,  from  beneath  which  massive  beds  of  white  scar-forming  lime- 
stone rise  regularly  with  a  similar  strike,  as  far  as  High  Crag.  Here 
the  beds  abut  against  the  Craven  Fault.  The  details  of  the  lime- 
stone country  immediately  south  of  the  fault  are  complicated,  but 
the  general  structure  is  simple  enough.  A  broad  band  of  limestone 
stretches  across  the  Wharfe  from  High  Crag  to  Cracoc  in  the  form  of 
an  anticlinal  ridge,  which  between  Cracoe  and  the  river  runs  from 
S.W.  to  N.E.  Along  its  N.W.  flank  we  find  the  limestone  dippin^^ 
N.W.,  at  angles  of  40°  beneath  beds  of  shale  having  a  similar  dip. 
On  the  S.E.  side  the  dip  is  to  the  S.E.  ;  but  on  this  side  the  boun- 
dary seems  to  be  partly  a  faulted  one,  as  the  lower  grits  on  the 
flanks  of  Thorpe  Fell  are  striking  nearly  at  the  limestone  ;  but  I  shall 
not  insist  upon  this,  as  Mr.  Tiddeman  has  recently  made  some  dis- 
coveries which  will  throw  great  light  on  the  stnicture  of  the  countr}', 
and  it  may  turn  out  that  the  above-mentioned  appearance  of  a  fault 
is  deceptive.  1  shall  therefore  merely  give  a  brief  statement  of 
observed  facts,  without  drawing  any  inference  from  them.  The 
iimestone  is  every wiiere  precisely  similar  in  external  appearance  to 
the  massive  thick-bedded  white  scai'-forming  limestone,  which  forms 
the  main  portion  of  the  carboniferous  limestone  of  the  Yorkshire 
Dales,  and  is  very  fossiliferous.     It  forms  five  striking  hills,  more  or 
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less  conical,  that  stand  out  abruptly  from  the  general  level  of  the 
ground  lying  at  the  foot  of  the  Gritstone  Fell.  The  names  of  these 
hills  are  Skelterton,  Butter  Haw,  Stebden  Hill,  Elbolton,  and  Keal 
Hill.  On  Skelterton  the  beds  have  an  easterly  dip.  Butter  Haw 
shows  an  anticlinal  structure.  On  the  north  side  of  Stebden  the 
beds  dip  N.W.  at  40°,  but  no  good  dip  could  be  got  on  any  other 
part  of  the  hill ;  on  the  south  side  the  limestone  is  disturbed,  and 
here  too  the  basement  beds  of  the  millstone  grit  strike  at  the  lime- 
stone. As  to  Elbolton  I  found  it  quite  impossible  to  make  out  how 
the  beds  are  running  ;  at  the  foot  of  the  hill  I  got  dips  which  would 
imply  that  the  hill  is  a  dome  with  a  quaquaversal  dip  :  but  on  the 
hill  itself  I  could  get  no  dips  at  all ;  so  being  baffled  outside  I  tried 
the  inside ;  for  the  hill  is  traversed  by  veins  and  pipes  of  galina, 
and  entrance  into  the  very  heart  of  the  rock  is  to  be  had  by  the  mine 
adits,  but  I  met  with  no  better  success  inside  than  out ;  everywhere 
alike  the  limestone  seems  to  be  an  amorphous  mass.  The  same  may 
be  said  of  Keal  Hill,  where  also  I  could  get  no  dips. 

On  the  east  side  of  the  Wharfe  a  very  good  section  of  the  lime- 
stone is  to  be  seen  in  Skyreholme  Gill.  The  beds  flatten  as  we  go 
up  the  gill,  and  at  length  turn  over  and  dip  north,  so  that  we  come 
to  the  top  of  the  limestone  on  the  north  side  of  the  anticlinal.  On 
this  side  there  is  a  bed  of  encrinital  and  cherty  limestone  between 
the  main  mass  of  limestone  and  the  millstone  grit  of  Fancarl  Crag, 
which  is  an  outlier,  bounded  on  the  north  by  the  Craven  Fault.  I 
will  now  give  the  evidence  for  the  position  of  this  fault.  On  the 
west  its  line  is  plainly  marked  from  Bordley  to  Threshfield  by  the 
opposition  of  the  limestone  of  Malham  Moor  and  Skirethorns  Wood 
on  the  north,  to  grits  and  shales  on  the  south  of  the  hollow  running 
from  Bordley  to  Skirethorns.  It  was  for  a  long  time  a  matter  of 
uncertainty  where  the  fault  crosses  the  Wharfe,  but  a  heavy  flood 
one  winter  exposed  a  bed  of  coarse  grit  in  the  river  just  below  the 
Linton  Stepping  Stones.  This  gave  a  point  on  the  fault.  Between 
the  Wharfe  and  the  River  Dibb  the  position  of  the  limestone  top  is 
very  uncertain,  as  the  beds  are  quite  hidden  by  drift ;  but  the  fault 
must  pass  north  of  the  grit  outlier  on  Ratlock  Hill,  near  Thruskeld. 
The  strong  spring,  whence  the  place  takes  its  name,  is  probably  on 
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the  &ult  In  the  River  Dibb  the  position  of  the  fault  is  fixed 
approximately  just  above  Dowscar  Nook  by  the  fact  of  there  being 
grit  in  place  with  limestone  on  either  side.  A  mile  further  east  the 
position  is  fixed  exactly  by  the  abrupt  termination  of  the  grit  of 
Fancarl  Crag  against  limestone  on  the  north  ;  and  similarly  a  mile 
and  a  half  further  east  by  the  end  of  the  millstone  grit  escarpment  at 
High  Crag. 

On  the  north  side  of  the  Graven  Fault  we  have,  east  of  the 
River  Dibb,  massive  white  limestone,  dipping  north  at  19"*  under  a 
thin  band  of  shale,  above  which  comes  the  millstone  grit  of  Grimwith 
Fell.  Greenhow  Hill  is  the  dome-shaped  end  of  this  band  of  lime- 
8tone,  and  is  an  anticlinal  broken  by  the  Graven  Fault 

Between  the  River  Dibb  and  Grassington  the  ground  is  very 
obscure ;  but  the  millstone  grit  seems  to  be  separated  from  the 
limestone  by  a  great  thickness  of  shales  with  but  poor  limestone 
bands.  At  Grassington,  however,  the  limestones  swell  out,  so  that 
with  the  exception  of  the  Dirt  Pot  grits  there  is  solid  limestone  from 
the  millstone  grit  of  Grassington  Moor  down  to  the  River  Wharfe. 

Northwards  this  thick  limestone  splits  up,  and  finally  takes  on 
the  Yoredale  type.  At  Kettlewell  upwards  of  775  feet  of  carbon- 
iferous limestone  are  seen.  This  mass  consists  of  solid  limestone, 
forming  scars,  but  without  any  interbeds  of  plate  or  sandstone.  The 
overlying  Dirt  Pot  grit  can  be  distinctly  traced  from  6ra'tsingti)n  to 
Kettlewell  by  reason  of  its  tlirowing  out  the  water  percolating  the 
limestone  above  it. 

At  New  Rake  vein  the  section  is  as  below  : — 

Bearing  Grit. 

Limestone  encrinital. 

Thin  Sandstone  or  Shale  Band. 

Limestone. 

Dirt  Pot  Grit. 

Carboniferous  Limestone. 
Northwards  the  uppermost  limestone  runs  away  from  the  niill- 
stone  grit,  the  intermediate   space  being  occupied  by  plate  with 
a  thin  limestone. 

The  limestone  above  the  Dirt  Pot  grit,  which  is  here  the  lowest 
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of  the  Toredale  Beds,  is  that  which  we  call  the  Simonstone,  and 
which  Phillip's  called  the  Simonside  Limestone.  It  is  about  16 
yards  thick  near  Kettlewell.  It  is  overlaid  by  plate,  and  the  plate 
by  a  thick  limestone,  Phillips'  Middle  Limestone,  which  is  about  32 
yards  thick  near  Kettlewell.  Over  the  Middle  Limestone  there 
comes  in  the  Providence  mine  a  series  of  alternating  beds  of  plate 
and  limestone,  upwards  of  36  yards  thick.  There  is  no  recognisable 
bed  answering  to  the  Underset  or  Main  Limestome  ;  but  these  impor- 
tant beds  soon  make  their  appearance  as  we  go  north. 

The  Main  or  Coverhead  Limestone  begins  to  put  in  a  respectable 
appearance  at  Caseker,  and  soon  swells  out  to  an  important  rock, 
forming  a  plateau  at  the  head  of  Coverdale  with  a  fine  escarpment 
towards  Wharfedale.  It  is  immediately  overlaid  by  the  Bearing 
grit ;  but  northwards  a  set  of  cherty  beds  comes  in  between  the 
pure  limestone  and  the  grit ;  at  first,  as  at  Coverhead,  this  is  merely 
a  thin  chert  top  to  the  limestone,  but  this  gradually  develops  into  a 
series  of  cherty  beds,  sandstones,  and  shales,  known  as  the  Swaledale 
Black  and  Red  Beds,  and  further  north  as  the  Coal  Sills. 

East  of  the  Wharfe  the  Millstone  Grit  Series  generally  consists 
of  the  following  members  : — 

Shale. 

Sandstone. 

Shale. 

Sandstone. 

Shale. 

The  Brimham  Grits. 

Shale. 

The  Shell  Beds. 

Shale. 

The  Upper  Grit  of  Follifoot  Ridge. 

Shale. 

The  Lower  Grit  of  Follifoot  Ridge. 

Shale. 

A  Thin  Limestone. 

Kinderscout  Grit  in  several  beds. 

Pendle  Grits,  thin  away  north,  or  so  coalesce  with  the  beds 
above  as  to  be  inseparable  from  them. 
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The  Brimham  rock  consists  generally  of  coarse  grit,  with  some- 
times a  flaggy  base ;  the  shell  beds  are  cherty  sandstones  full  of 
shells.  This  is  a  very  valuable  set  of  beds,  as  from  its  peculiar 
character  it  can  be  readily  identified,  and  thus  affords  a  good  horizon. 
The  Lower  Follifoot  grit  forms  Henstone  Band  and  the  top  of 
Meugher. 

In  placing  the  top  of  the  Einderscout  grit  at  the  horizon  of  the 
little  limestone  next  below  the  Lower  Follifoot  grit,  I  mean  that  it 
cannot  be  lower,  though  it  may  be  higher,  than  that  horizon.  The 
Brimham  grit  is  supposed  to  be  the  third  grit  of  Lancashire  ;  and, 
according  to  this  view,  the  shell  beds  and  Follifoot  grits  come 
between  the  third  grit  and  the  Kinderscout  grit. 

In  Upper  Wharfedale  the  Einderscout  grit  consists  of  the 
following  members : — 

The  Red  Scar  Grit. 

Measures. 

Sandstone. 

Measures. 

Sandstone,  of  Priest  Tani,  probably  equals  grit  of  Pinlow 

Pike. 
Measures. 
Coal  0  to  6  inches. 
Top  Grit  of  Grassiiigton  Moor. 
Shale,  with  a  coal,  6  to  10  inches. 
Bearing  Grit. 
The  Bearing  Grit  is  so-called  because  the  lead  veins  are  very 
rich  in  this  bed. 

The  Red  Scar  Grit  is  a  coarse  felspathic  grit  of  a  red  tinge, 
which  is  apt  to  fonn  such  conspicuous  red  scars  that  it  can  be 
recognised  miles  away.  It  often  consists  of  two  members  parted  by 
a  shale  band  containing  a  coal  seam.  It  generally  has  on  or  near  its 
top  a  thin  bed  of  peculiar  limestone,  which  has  the  appearance  of  a 
tesselated  pavement  owing  to  its  close  jointing. 

It  is  also  noteworthy  that  bands  of  calcareous  sandstone  occur 
in  Gatcup,  near  the  base  of  the  Red  Scar  Grit.  Similar  bands  luive 
been  found  by  Mr.  J.  E.  Goodchild,  generally  underlying  the  rock 


•iHMiBM-l 


DAKTDS:  LOWER  CARBONIFEROUS  ROCKS  IN  TORKSHTRE.    361 

which,    in    Wensleydale,    we    identified  on  purely  strategraphical 
grounds  as  the  equivalent  of  the  Red  Scar  Grit. 

This  grit  is  the  middle  grit  of  Phillip's  mentioned  on  page  65  of 
his  Geology  of  the  Mountain  Limestone  district,  where  he  is  quite 
right  in  saying  that  ''  it  corresponds  in  position  with  the  top  grit  of 
PenhilL" 

In  Coverdale  the  upper  part  of  the  grit  is  a  white  siliceous  rock 
with  rootlets,  like  gauister.  Similar  ganisterJike  rocks  with 
Stigmaria  also  occur  higher  in  the  series.  The  frequent  occurrence 
of  ganister  above  the  Red  Scar  Grit  is  important,  and  it  is  worthy  of 
note  that  even  as  far  south  as  Derbyshire  ganister  beds  are  apt  to 
occur  about  this  horizon,  i.e.,  over  the  Kinderscout  grit.  In  Cover- 
dale  these  ganister  beds  begin  to  be  very  numerous  and  characteristic 
of  the  beds. 

The  lowest  millstone  grit  is  at  its  outcrop  throughout  Wharfe- 
dale  a  coarse  and  massive  grit ;  but  Mr.  Eddy  tells  me  that  in 
following  the  lead  veins  eastward  in  the  Bearing  grit  the  rock  was 
found  to  degenerate  into  a  mass  of  sandy  shales  and  flags.  At  the 
head  of  Coverdale  these  lowest  grits  are  in  full  force  ;  but  they 
rapidly  deteriorate  down  dale  into  a  mass  of  sandy  shales  and  thin 
poor  sandstones.  This  change  sets  in  immediately  east  of  Crab 
Gill.  A  similar  change  in  character  takes  place  as  one  follows  the 
grits  down  Walden. 

I  have  given  above  a  brief  sketch  of  the  chief  changes  which  the 
Lower  Carboniferous  Rocks  of  Yorkshire  undergo  from  south  to  nortL 
These  may  be  summed  up  as  follows  : — 

1.  The  simple  fourfold  division  of  the  millstone  grit  prevalent  in 

Derbyshire  ceases  to  be  applicable  northward,  owing  to  the 
setting  in  of  several  fresh  beds  of  sandstone. 

2.  The  Yoredale  type  of  beds  can  hardly  be  said  to  exist  south  of 

Kettlewell.  From  Grassiugton  northwards  the  Carboniferous 
Limestone  becomes  split  up  by  beds  of  sandstone  and  shale ; 
and  north  of  Kettlewell  important  rocks,  to  wit,  the  Underset 
and  Main  Limestones  set  in,  so  tlmt  finally  we  have  in  Yoredale 
the  well-known  type  of  beds  that  goes  by  that  name. 

3.  In  the  southern  part  of  its  course  the  Main  Limestone  is  imme- 

B 
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diately  overlaid  by  the  Millstone  Grit ;  this  begins  at  Lower- 
head  merely  as  a  thin  cherty  top  to  the  limestone  ;  but  the 
chert  gradually  develops  into  a  series  of  cherty  beds,  shales,  and 
sandstones,  known  as  the  Black  and  Red  Beds  in  Swaledale. 
Still  further  nortli  the  cherty  beds  change  into  a  set  of  water- 
bearing sandstones,  grits,  and  shales,  known  as  the  Coal  Sills, 
overlaid  by  a  thin  but  persistent  bed  of  limestone,  known  as 
the  Little  Limestone. 

4.  Owing  to  the  deterioration  of  the  lowest  Millstone  Grit  in  Waldcn 

and  Coverdale  and  on  the  flank  of  Penhill,  it  is  somewhat 
uncertain  what  line  should  be  taken  further  north  as  the  Mill- 
stone Grit  base,  so  as  to  keep  to  the  same  horizon.  But  in 
my  opinion  the  best  line  (at  least  the  most  certain  line)  to 
take  is  the  top  of  the  cherty  series  and  it«  eiiuivalent,  the 
Little  Limestone.  I  am  aware  that  lithologically  this  would 
not  be  a  good  line  in  some  parts  of  Northumberland  :  but  then 
we  should  at  all  events  keep  to  one  and  the  same  horizon. 

5.  It  is  important  to  notice  that  the  silicious  grits  and  ganister-like 

beds  that  occur  in  the  Millstone  Grit  series  above  the  Kinder- 
scout  grits  become  more  pronounced  northwjinls,  so  that  at 
length  they  become  regular  ganister  measures,  similar  to  those 
that  occur  in  the  lower  part  of  the  Coal  Measiux^s. 
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NOTES  ON  THE  POLYZOA  AND  MICROZOA  OF  THE  RED  CHALK  OF 
YORKSHIRE  AND  NORFOLK.   BY  GEORGE  ROBERT  TINE. 

I.   INTRODUCTORY. 

From  the  time  when  John  Phillips,  F.G.S.  (1829),  published  his 
"  Illustrations  of  the  Geology  of  Yorkshire,"  up  to  the  present,  the 
origin  and  probable  horizon  of  the  Red  Chalk,  have  been  fairiy  dis- 
cussed by  authors.  It  is  only  within  the  last  thirty  years,  however, 
that  the  stratum  has  been  worked  out  with  any  degree  of  skill,  or 
that  any  attempt  has  been  made  to  co-relate  the  Red  Chalk  beds,  by 
means  of  their  fossil  contents,  of  Norfolk,  Lincolnshire  and  York- 
shire. Then  again,  the  diflferences  of  opinion  which  have  been 
expressed  by  authors  who  have  studied  the  palseontological  evidence, 
have  helped  to  advance  the  importance  and  relative  value  of  the 
fossil  contents  of  this  very  peculiar  band.  It  is  not  ray  intention, 
therefore,  to  comment  on  opinions  raised  by  men  who  are  far  more 
competent  to  deal  with  the  subject  than  I  am,  but  a  brief  risrnni  of 
what  has  been  done  will  serve  as  a  necessary  preface  to  what  will 
follow. 

In  1829,  as  regards  Yorkshire,  John  Phillips  gave  a  list  of  five 
fossils  only,  under  the  head  line  "  Fossils  of  the  Red  Chalk,"  two  of 
which  were  figured."^'  As  regards  Hunstanton,  Professor  Sedgwick  in 
1826t  remarked  in  a  foot  note  "  that  the  red  beds  of  Hunstanton 

ens' contain  the  peculiar  fossils  of  the  gaU  in  great 

abundance.*' 

In  1833,  Mr.  S.  Woodward  in  "  An  outline  of  the  Geology  of 
Norfolk,"}  gave  a  list  of  fossils  of  the  Hunstanton  Beds;  and 
Mr.  C.  B.  Rose  (1835),  in  a  series  of  papers  in  the  Philosophical 
Magazine,  followed  with  remarks  on  the  probable  horizon  of  the  Red 
Beds.  As  the  history  and  literature  of  this  side  of  the  subject  have 
been  given  so  admirably  by  Professor  Seeley  up  to  1861, i|  and  up  to 


*  Oeol.  TorkBhire,  p.  120,  pi.  1,  figs.  18-19. 
t  AnnalB  of  Philoeophy,  Ser.  2,  vol.  xi.,  p.  378.        %  Sto,  pp.  29-64. 
II  Ann.  Mag.  Nat.  Hifit.  Ser.  ii.,  vol.  vii ,  pp.  233-241, 
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1882  by  Mr.  W.  Whitaker,  P.G.S.,  of  the  Geological  Survey  of 
England,  {^)  it  will  perhaps  be  as  well  to  refer  the  ^student  to  these 
papers  for  special  details,  as  I  could  only  feebly  repeat  here  remarks 
and  expressions  of  opinion  which  these  respected  authors  have  said 
so  well  in  the  papers  referred  to. 

In  the  year  18591  the  Rev.  T.  Wiltshire  read  a  paper  before  t)ie 
Geologists'  Association  on  the  Red  Chalk  of  England,  and  to  him 
belongs  the  credit  of  bringing  forwanl  tlie  subject  in  a  systematic 
way.  He  describes  the  Red  ('halk  through  Yorkshire,  Lincolm^hire, 
and  Norfolk,  '*  notices  that  whilst  many  of  the  fossils  at  Hunstanton 
are  Ghiult  species,  others  are  Lower  Chalk  species,  and  concludes  tliat 
probably  it  is  better  to  regard  it  as  an  intermediate  formation 
between  the  Lower  Chalk  and  the  Lawer  Greensaud,  which  coiues 
into  being  when  the  Gault  and  Upper  Greensand  have  almost  thinned 
out."  In  the  list  of  fossils  (pp.  275,  277)  Mr.  Wiltshire  catalogues  a 
very  fine  series  derived  from  Speetuu,  Hunstjinton,  and  Muswell 
Hill.  A  few  specie.s  of  F(/ramuiifera,  EntumiMitraL'a,  and  PolyziKi 
are  given  by  the  author,  altogether  47  species  are  catalogued,  whicli, 
aided  by  the  clear  and  precise  description  of  the  Reil  Rocks  in  the 
text  of  the  address,  added  considerably  t^)  our  knowleilge  of  the 
palaeontology  of  these  rocks  up  to  tliat  date.  The  **  microzoa"  were 
as  follows  : — 

F&ramiuifera :  Cristeihiria  rotulata,  Laiuk.     Collection  of  Prof. 

T.  R.  Jones. 
Entamostraai :  Cytherella  ovata,  Rummer.      Collection  of  Pr«>t'. 

T.  R.  Jones. 
Polyzoii :  Idmonea  dilatata,  d'Orb.    Collection  of  ^Ir.  Bean. 

Diastopora  ramosa  (Dixon)  Lonsd.    Collected  by 

Mr.  Wiltshire. 
Ceriopora  spongites,    Goldfuss.      Collected    by 
Mr.  Wiltshire. 
The  other  fossils  were  in  diiferent  collections,  nameti  by  Mr. 

(*)  Proa  Norwich  Geol.  Soo„  vol.  i.,  pt.  xvii.,  188.'^. 

f  Geologist  vol.  ii.,  pp.  2<»l-278.  ThiH  paper  wu8  printed  Hupuratcly,  pp.  ii.. 
IS,  with  4  platee  of  Fossils,  but  I  have  not  been  successfnl  in  getting  a  oopj  :  m 
I  qaote  from  the  (ieohjittf. 
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Wiltshire,  but  the  whole  of  the  examples  catalogued  were  examined 
and  compared  with  like  fossils  in  other  public  and  private  collections. 

Two  years  after  Mr.  Wiltshire's  paper  was  published  Professor 
H.  6.  Seeley  gave  the  first  of  a  series  of  four  papers  which  were  wholly 
devoted  to  the  "  Red  Limestone  of  Hunstanton."*  In  it  "  he 
reviews  the  literature  of  the  subject,  and  notices  the  weak  points  of 
the  various  papers  reviewed  ....  and  concludes  that  the  Red  rock 
is  Upper  Greensand,  because  it  is  linked  to  the  Chalk,  and  yet  differs 
from  it  in  fossils.*'  In  an  aualj'tical  table  of  fossils  of  the  red  bed 
Professor  Seeley  shows  affinities  with,  and  differences  from,  the  fossils 
of  the  Upper  and  Lower  Cretaceous  Rocks. 

In  1864  Professor  Seeley  wrote  another  paperf  on  the  Hunstan- 
ton Red  Rock,  which  was  devoted  rather  more  to  the  Greological  than 
to  the  Palseontological  aspect  of  the  same.  Unless  this  paper  is  very 
carefully  gone  through,  and  the  chalky  material  of  the  Hunstanton 
Beds  studied  by  its  aid,  it  is  impossible  to  understand  the  differences 
between  the  red  beds  of  Norfolk  and  Yorkshire.  In  the  one  we  have 
hard  chalk  containing  pebbles  and  minute  grains,  in  the  other  much 
softer  clialk,  with  scarcely  any  perceptable  mixture  other  than  the 
colouring  matter  present.  The  Foraminiferay  too,  of  the  Yorkshire 
Red  Chalk,  are  much  larger  than  the  Hunstanton  species.  Judging 
from  these  differences  one  can  easily  imagine  that  the  finer  debris  in 
solution  floated  farther  north  in  the  Red  Chalk  Sea,  whereas  the 
coarser  material  was  deposited  farther  south. 

The  Red  Rock,  says  Professor  Seeley,  "  is  divisible  into  three 
parts.  III.  Lower,  II.  Middle,  and  I.  Upper.  "  In  the  lower  of  these 
beds  ...  as  in  the  others,  the  little  brown  and  black  shining 
pebbles  ...  in  the  Carstone  pass  up.  ...  The  lowest  layer  is 
sandy,  and  not  more  clearly  separated  from  the  Carstone  below  than 
from  the  concretionary  Layer  above.  The  top  layer  is  like  the  sponge 
bed  above}  in  structure  .  .  .  but  often  there  is  a  thin  soapy  seam  of 
deep  red  matter.  .  .  .  parting  them  ;  and  at  intervals  this  enlarges 
into  nest-like  burrows,  which  .  .  .  extend  for  several  inches  up  into 

*  Quart.  Journ.  Geol.  Soo ,  vol.  zz.,  pp.  327-832. 

t  Ann.  Mag.  Nat.  Hist ,  Ser.  iii.,  vol.  vii ,  pp.  233-244,  1861. 
X  These  beds  contain  a  very  pecaliar  fossil  in  abnndanoe  called  Spongia 
paradozica,  of  authors. 


366    VINE  :   POLTZOA  AKD  MICROZOA  OF  YORKSHIRE  AND  NORFOLK. 

the  spoDge  rock,  without  affecting  the  lerel  top  of  the  Red  Rock. 
These  spaces  are  filled  with  soft  red  matter,  or  with  sand." 

By  far  the  most  important  of  Professor  Seeley's  papers  from  a 
paI»ontoIogical  standpoint  is  the  one  published  in  the  Annals  in 
1864,  on  the  Fossils  of  the  Hunstanton  Red  Rock."  As  in  a  previous 
paper  Prof.  Seeley  remarks  that  the  rock  at  Hunstanton  may  be 
divided  into  three  parts,  or  three  well-marked  layers  of  nearly  equal 
thickness,  and  these  may  be  numbered  in  descending  order,  1,  2  and 
3.  Then  follows  a  list  of  about  eighty-seven  named  species^  and 
nearly  twenty  more  fossils  indicated  by  generic  names  only,  or 
varieties.  The  whole  of  these  fossils  were  collected  by  the  author, 
and  are  now  deposited  in  the  Woodwaidian  Museum  at  Cambridge. 
In  this  list  Prof.  Seeley  introduces  a  new  feature  of  great  interest  to 
the  palaeontologint,  by  locating  the  fossils,  as  far  as  he  was  able  to 
do  so,  in  the  several  layers.  Certain  species  are  peculiar  to  the 
lowest  (No.  3).  Belemnites  attetmatus  and  minimus;  Plicatula 
sigillina :  Terebratula  capillata,  biplicata,  and  Dutempliana,  range 
through  the  whole  of  the  layers  ;  a  still  less  number  of  species  range 
through  layers  2  and  3,  and  by  far  the  greater  number  are  found  in 
the  top  bed  only.  It  was  unfortunate  for  me  that  when  writing  my 
*'  Monograph  of  the  Polyzoa  of  the  Red  Chalk  of  Hunstanton,"t  thi:? 
paper  was  overlooked,  especially  so,  as  an  ac(iuaintance  with  it  would 
have  prevented  the  error  on  p.  456,  of  the  Monagraph,  and  have 
saved  me  from  after  annoyance.  In  Prof.  Seeley's  list  1  find  the 
following  Polyzoa  mentioned  :  the  new  si)ecies  being  described  in  the 
last  of  the  series  of  Hunstanton  papers  in  1866.} 

1.  Diastopora  (Berenicea)  polystoma,  Roem. 

2.  „  (       „        )  contracta,  Seeley. 

3.  „  (       „        )  Clementina,  d'Orb. 

4.  Proboscina  diktata,  d'Orb. 

5.  Cellulipora  sulcata,  Seeley.     (Z>ifl*fopora  of  this  paper.) 

6.  Reptomulticava  n-sp.  (R.  favus,  Seeley  of  this  paper.) 

7.  Reptotubigera  serpens,  d'Orb. 

*  Ann.  Magf.  Nat  Hist.,  Ser.  8,  vol.  xir. 
t  Qaart  Jour.  Geol.  Soc.,  vol.  zlvi.,  pp.  464-486  (1890). 
X  Ann.  Mag.  Nat.  Hist,  Ser.  S,  vol.  zTii.,  pp.  178-183, 
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In  1869,  seemingly  in  answer  to  Prof.  Seeley,  who  characterised 
his  last  paper  as  one  on  the  fossils  (new  and  rare)  of  the  "  Upper 
Greensand  of  Hunstanton,"  Mr.  Wiltshire's  second  paper  was  pub- 
lished in  the  Journal  of  the  Geological  Society."  In  this  paper  will 
be  found  a  rather  full  list  of  fossils,  and  a  drawing  of  the  cliff  section. 
ITie  Red  Chalk  beds  or  bauds  are  marked  A  B  and  C,  and  Mr.  Wilt- 
shire assigns  to  each  of  these  layers  the  fossils  which  are  either 
peculiar  or  common.  Pour  species  of  Polyzoa  are  named  and 
located  thus  : 

1.  Diastopora  (Berencia)  regularis,  d'Orb.  Band  B. 

2.  Proboscina  dilatata,  d'Orb.  (rare)  „     C. 

3.  Reptomulticava  mamilla,  Rss.  Bands  B.  &  C. 

4.  Stomatopora  longiscata,  d'Orb.  (rare)  „     C. 

The  last  paper  in  which,  so  far  as  I  am  aware,  Polyzoa  are 
mentioned,  is  "On  things  in  General  and  the  Red  Chalk  of  Norfolk 
in  Particular  "f  by  the  then  president,  Mr.  W.  Whitaker,  of  the 
Norwich  Geological  Society. 

The  address  is  divided  as  follows  : — 

a.  Notes  on  Norfolk  Geology,  pp.  207,  212. 

b.  The  Red  Chalk  of  Norfolk. 

1.  Introductory,  p.  212. 

2.  History  of  the  subject  (Bibliography),  213,  222. 

3.  Critical  Remarks,  pp.  222,  226. 

4-0.  Personal  experience  and  conclusion,  226,  234. 

6.  List  of  fossils,  compiled,  I  believe,  by  A.  J.  Jukes  Browne 
from  the  Red  Chalk  of  Hunstanton,  showing  their 
range,  &c.,  in  the  Cretaceous  series.  This  list  might 
have  been  conveniently  reproduced,  but  the  student  is 
advised  to  compare  the  lists  of  Whitaker,  Wiltshire  and 
Seeley,  particularly  when  the  later  investigations  of  Messrs. 
A.  J.  Jukes  Browne  and  W.  Hill  come  under  his  con- 
sideration. 
Polyzoa  of  the  Red  Chalk  of  Hunstanton  (Whitaker,  p.  234) : 

1.  Diastopora  (Berenicea)  contracta,  Seeley. 

2.  „  (        »       )  regularis,  d'Orb. 

*  Quart.  Joum.  Geol.  Soo.,  vol.  zzt.,  pp.  185-192. 
t  Proo.  Norwich  Qeol  Soo.,  vol  L,  pt.  yii.,  188S,  pp.  207-236. 
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8.  Gellulipora  sulcata,  Seeley. 
4  Proboscina  dilatata,  d'Orb. 

5.  Reptomulticava  mamilla,  Reuss. 

6.  Stomatopora  longiscata,  d'Orb. 

Besides  the  above,  Mr.  Whitaker  catalogues  in  the  flame  paper 
two  species  of  Foranimifera^  but  no  Entomostraca  : 

1.  Gristellaria  rotulata,  Lamx. 

2.  Globigerina  cretacea,  d'Orb. 

A  few  expressions  of  opinion  from  competent  authorities  as  to 
the  probable  horizon  of  the  Red  Glialk,  may  be  given  before  closing 
this  part  of  my  paper. 

In  1878,  the  Rev.  E.  Maule  Cole  read  a  paper  before  the 
Yorkshire  Gteological  and  Polytechnic  Society,  on  "  the  Red  Chalk,"* 
in  which  rather  full  details  arc  given  of  the  various  sections  of  the 
Red  and  Grey  Chalk  found  in  Yorkshire.  These  two  terms  " Red" 
and  "Grey,"  Mr.  Cole  uses  "indiscriminately,  because  I  believe"  he 
says  '*  that  many  beds  which  present  no  traces  of  red  colour  belong 
to  this  formation.  At  the  north  end  of  Burdale  tunnel  there  is  a 
deposit  of  upwards  of  20  feet,  similar  in  texture  to  the  Red  Chalk 
of  Speeton,  with  no  trace  of  flint,  of  a  greyish  colour,  and  showing 
when  broken,  rich  chocolate  markings  resembling  the  black  spots 
indicating  Manganese.  It  contains  Terebralula?,  but  of  a  much 
smaller  kind  than  those  found  so  abundantly  at  Speeton." 

A  similar  fonuation,  or  rather  the  same,  appears  at  another 
point  nearer  North  Grimston,  exposed  for  a  length  of  several  hundreil 
yards  on  the  same  east  side  of  the  valley.  On  the  west  side  it  also 
appears  at  the  base  of  the  chalk,  opposite  Wharram  Station  (where 
there  are  springs  at  an  elevation  of  475  feet),  with  the  same  peculiar 
markings.  It  occurs  at  Dalglely  and  Nova.  It  is  not  White  Chalk, 
it  cannot  be  called  Chalk  Marl  exactly,  though  at  Nova  and  other 
places  it  is  friable  and  clayish  ;  but  it  must  be  the  equivalent  of  the 
formations  known  in  the  south  under  the  terms  Chalk  Marl,  Upper 
Greensand,  and  Gault,"  pp.  5. 

In  a  very  elaborate  paperf  on  the  lower  part  of  the  Upper 

♦Proa  Yorksh.  Geol.  and  Polyt.  Soo.,  vol.  vii,  pp.  1-11. 
t  Quart.  Joum.  Oeol.  Boo.,  vol.  zliiL,  pp.  692-693,  1SS7. 


Desoription  of  Plate. 


1.  Stomatopora  gracilis,  Edw.,  var.  delicatula.  Vine. 

2.  ,,  ramea,  Blainville. 

3.  „  ^anuljita,  Edw. 

4.  ,,  longiscata,  d'Orb. 

5.  ,,  linearis,  d*()rb. 

6.  ,,  divaricata,  Ra3iner. 

7.  Diastopora  liunstautonensis,  Vine.    The  central  cells  of  a 

small  colony. 

8.  Diastopora   hunstantonensis,    Vine.     Var.    A.     Probably 

the  D.  contracta,  Seeley. 
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Cretaceous  Series  in  West  Suffolk,  the  authors,  Messrs.  A.  J.  Jukes- 
Browne  and  W.  Hill,  remark  as  follows  : — 

"  We  are  now  in  a  position  to  indicate  the  bearing  of  our  work 
on  the  debated  question  of  the  exact  age  of  the  Red  Chalk.  In  the 
absence  of  anything  like  ordinary  Gault,  Upper  Greensand,  or  Chalk 
Marl  at  Hunstanton,  the  remarkable  stratum  which  there  lies  at  the 
base  of  the  Chalk  has  been  referred  by  different  observers  to  each  of 
the  formations  which  appeared  to  be  missing,  to  the  Gault  by  most  of 
the  early  writers  and  by  Mr.  Wiltshire,  to  the  Upper  Greensand  by 
Prof.  Seeley  Con  the  streugth  of  its  fossils  being  similar  to  those  of 
the  Cambridge  Greensand),  and  lastly  to  the  Chalk  Marl  by  Mr. 
Whitaker.  Every  one,  however,  has  discussed  the  question  prin- 
cipally from  a  local  point  of  view,  founding  their  arguments  mainly 
upon  a  consideration  of  the  rock  and  its  fossils  as  seen  at 
Hunstanton." 

After  stating  their  views  rather  more  fiiUy  the  authors  seem 
to  find  a  decisive  answer  to  the  question  of  age  in  the  following 
premises : — 

1.  "  That  the  Norfolk  Gault  becomes  increasingly  calcareous  towards 

the  north,  till  at  Dersingham  it  passes  into  7  feet  of  marly  and 
chalky  material,  the  lower  part  of  which  is  coloured  red. 

2.  That  the  microscopical  structure  of  the  Hunstanton  Rock  bears 

the  same  relation  to  the  red  and  yellow  marls  of  Dersingham 
that  the  hard  chalk  marl  of  Norfolk  does  to  the  softer  Chalk 
marl  of  Cambridge. 

3.  That  the  hard  whitish  limestone  which  overlies  the  representative 

of  the  Gaults  from  Grimstone  to  Dersingham  is  identical,  in 
our  opinion,  with  the  so-called  "  sponge-bed"  which  overlies 
the  Red  Rock  at  Hunstanton. 

4.  Tliat  the  fossils  are  chiefly  Gault  species,  and  are  such  as  would 

constitute  a  deep-sea  fauna  contemporaneous  with  that  of  the 
shallower  and  muddier  water  in  which  the  Gault  of  South 
England  was  formed. 

From  these  premises  we  come  to  the  uncontrovertible  conclusion 
that  the  Red  Rock  of  Hunstanton  must  be  the  equivalent  of  the 
Gault,  and  not  of  its  upper  divisions  only  but  that  it  is  a  condensed 
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representative  of  both  Lower  and  Upper  Gktult,  formed  outside  of  the 
limits  of  the  area  reached  by  mud-bearing  currents." 

In  his  concluding  remarks  in  the  '*  address"  already  referred  to. 
Mr.  Whitaker  says,  "  From  the  evidence  before  ns  it  seems  to  me 
that  our  Red  Chalk  is  probably  one  of  two  things  ;  either  it  is  a  part 
of  the  Ijower  Chalk  or  else  it  is  a  representative  of  that  and  of  x\w 
upper  part  of  the  Gault  It  is  certainly  chalk  to  some  exteut. 
Consequently,  were  I  obliged  to  confess  my  belief  in  any  one  forma- 
tion, I  should  simply  say  that  Red  Chalk  is — Red  Chalk."     (p.  234. 

up.  cit.) 

II.    Description  of  the  Polyzoa. 

In  the  two  papers  published  in  the  Proceedings  of  this  Society' 
I  have  described  as  fully  as  was  possible  the  Polyzoa  of  the  Cam- 
bridge Greensand.  In  presenting  another  paper  on  the  PolyuKi  of 
the  Red  Chalk  of  Hunstanton,  it  is  only  fair  to  state  that  a 
Monograph  of  tlie  Polyzoa  of  tlie  Retl  Chalk  ha.s  already  been 
publislied  in  tlie  Journal  of  the  Geological  Society. f  As,  however, 
so  many  of  my  papers  on  Polyzoa  have  been  read  before  tlie  members 
of  this  Society  and  published  in  their  Proceeilings,  one  perfei^tly 
distinct  from  the  other  on  the  Red  Chalk  may  not  be  deemed  out 
of  place.  In  the  Monograph  refcrretl  to  only  the  new  species  that 
are  described  an*  figured,  but  though  1  have  adopted  D'Orbigny's 
names  for  sonic  nf  the  uniserial  Stomatoi)onc,  the  tigure.s  nf  thf 
British  examples  may  he  produced  with  advantage  to  illustnite  the 
present  paper,  but  there  will  not  be  any  need  to  re-describe  the 
species  excei)t  when  additions  or  alterations  are  made. 

Sub-Order  Cyclostomata,  Busk. 
A.  Parallelatn,  Waters. 
Zonria    encrusting,   dendroid    or    anastomosing.      Surface    of 
Zoarium  to  a  large  extent  formed  of  the  lateral  walls  of  Zon*cia.  % 


Genus  Stomatopora,  Bronn. 
1821.  Alecto  Lamouroux  (Blainville,  Johnston,  Edwards  and  Busk;. 


•  IHSo.    Polyzoa  of  the  Cambridge  Greensand.— Proc.  Yorkah.  Geol.  Soc..  vol.  ix 
I8SU.  Further  NotcB  on  the  Camb.  Greensand  Poljzoa. — Ibid.  vol.  xi..  p.  iWi. 

t  Quart.  Jonrn.  Geol.  Soo.,  vol.  xlvi.,  pp.  454 — 486. 

X  A.  W.  Waters,  Quart.  Joom.  Geol.  Soc.,  vol.  zliii,,  p.  387. 
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1825.  Stomatopora,  d'Orbigay,  for  uniserial  species. 

Zoarium  repent,  adnate,  or  free  at  the  extremities,  uniserial, 
branching,  and  occasionally  anastomosing. 

In  working  out  the  uniserial  Stomatopone  of  the  Red  Chalk, 
1  have,  generally  speaking,  followed  the  leading  of  d'Orbigny,  but 
it  is  not  always  safe  to  adopt  his  names  for  Britisli  examples  without 
some  qualification  at  least 

1.  Stomatopora  gracilis,  M.  Edw.  (Alecto),  Ann.  Sc.  Nat.  (9)  p.  207, 

pi.  46,  f.  2. 

Var.  delicatula  (new.  var.),  pi.  xvii.,  fig.  1. 
1890.  S.  gracilis,  Edw.  (var.).  Vine,  Quart.  Jour.  6eol.  Soc.,  vol.  xlvi., 
p.  463. 

Zoarium  delicate,  wholly  adherent.  Branches  dichotomizing 
irregularly,  and  variable  in  breadth  and  length.  Zooecia  uniserial, 
originating  from  a  disc-like  base  from  which  two  cells  are  generally 
thrown  oflF,  and  these  form  the  nucleus  of  two  branches ;  slightly 
lateral  in  their  points  of  juncture ;  aperture  circular  turning  alter- 
nately to  the  left  and  right  on  the  branch,  and  sometimes  raised 
upwards. 

Habitat :  The  most  typical  examples  on  Terebratula  biplicata. 

Typical  S.  gracilis,  vary  very  much  both  in  the  Neocomian  and 
in  the  Upper  Chalk,  so  much  so  that  one  hesitates  to  put  the  forms 
under  one  name.  In  the  variety  described  above,  the  delicate 
character  of  the  Hunstanton  forms,  which,  by  the  way,  are  most 
abundant,  and  adherent  also  to  a  variety  of  fossils,  appear  to  me 
to  warrant  their  seperation  from  the  more  robust  species. 

2.  Stomatopora  ramea,  Blainville,  pi.  xvii.,  fig.  2-2a. 

1834.  Alecto  ramea,  Blainv.  Man.  de  Actinozoa,p.  464,  pi.  78,  fig.  6. 
1850.  Alecto  ramea,  Lonsdale,  Geol.  of  Sussex,  p.  268,  p.  xviii., 

figs.  35-40. 
1890.  Stomatopora  ramea,  Vine.  Quart.  Jour.  Geol.  Soc,  vol.  xlvi., 
p.  465. 
Examples  of  this  species  are  rare  in  the  Red  Chalk.    The 
Zoarium  is,  as  Lonsdale  says,  imiserial,  and  the  branching  "'  irregu- 
larly divergent  and  nearly  uniform  in  breadth,  but  bordered  by  a 
narrow  band.     Zooecia  nearly  uniform  in  width,  peristome  inclined 
upwards,  aperture  circular  ;  when  worn  slightly  oval. 
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Habitat :  On  Terebratula  biplicata,  Sby. 

3.  Stoinatopora  granulata,  M.  Edw.,  pi.  zvii.  fig.  3,  3a.b.c. 

1838.  Alecto  granulata,  EdL,  Sur  lea  Oris.,  &c.,  pi.  xvi.,  figs.  3,  3a. 
1875.  Alecto  granulata,  Busk,  Brit.  Mus.  Gat,  pt  iii.,  pi.  32,  fig.  1. 
1880.  Stomatopora  granulata,  Hincks,  Brit  Marine  Polyz.,  p.  425. 

1889.  Stomatopora  granulata,  Waters,  Quart   Journ.  Geol.  Soc.. 

vol.  xliii.,  p.  341. 

1890.  Stomatopora  granulata,  Vine,  Ibid.,  vol.  xlvi.,  p.  464. 
Zoarium  variable  in  sliape,  and  in  the  general  arrangement  of 

of  its  anastomosing  branches,  which  are  more  or  less  linear.  Zocpcia 
uniserial,  ahnost  uniform  in  breadth,  oral  extremity  occasfonally  erect 
and  free;  cells  punctured  in  the  younger,  granular  in  the  older 
colonies.  Goncdcium  (?)  a  cell  rather  more  inflated  about  the  a))er- 
ture  than  ordinary  Zooecia. 

Habitat :  On  Inoceramus  sp.  and  on  Terebratula  biplicata,  Sby. 

This  species  is  not  abundant  in  the  Red  Chalk,  yet  I  have  met 
with  some  fairish  examples. 

4.  Stomatopora  granulata  (Edwards).    Var.  iiicrassata  d'Orb. 
1852.     Stomatopora  iiicrassata  d'Orb.,  Terr.  Cret.,  vol.  v.,  p.  S37, 

pi.  628,  figs.  9-11. 
1890.     Stomatopora  granulate,  var.  A,  Vine,  Quart.  Jouni.  (Tei>l. 
Soc,  vol.  xlvi.,  pi.  465. 
The  Zoarium  of  this  variety  is  much  more  stunted,  more  com- 
pressed, and  more  anastomosing  than  the  normal  form.     1  folluw 
Mr.  Waters  in  identifying  the  IS,  incra.^sata  tl'Orb.  as  a  variety  of 
S.  granulata  Edwards,  as,  irrespective  of  size,  the  two  have  many 
features  in  common. 

Habitat :   On  TerehratuUi  biplicata. 

5.  Stomatopora  longiscata  d'Orb.,  pi.  x\^ii.,  figs.  4a,  b,  c. 
1852.     Ibid  d'Orb.,  Terr.  Cret.  v.,  p.  839,  pi.  629,  figs.  9-11. 
1890.     Stomatopora  longiscata.   Vine,   Quart.  Journ.   Geol.   Sd.*., 

vol.  xlvi.,  p.  465. 

Examples  of  this  species  are  rare  in  the  Red  Chalk,  but  I  have 

come  across  fragments  that  may  be  reasonably  placed  here.     This  is 

one  of  the  species  previously  noticed  by  Mr.  Wiltshire  from  the 

bottom  layer  (C)  of  the  Red  Chalk,  and  which  he  characterised  as  rare. 
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Habitat :  On  Tei-ebratula  biplicata, 

6.  Stomatopora  divaricata,  Roemer,  pi.  xvii.,  fig.  6a-6b 

1840.     Aulopora  divaricata,  Roemer,  vol.  ii ,  p.  15„  pi.  17„  fig.  3. 

1850  =  ?    Alecto  brevis,  d'Orb.,  Terr.  Cret.,  v.,  p.  840,  pi.  629. 

1890.  Stomatopora  divaricata,  Vine,  Quart.  Jouni.  Geol.  Soc, 
vol.  xlvi.,  p.  463. 
Adherent  to  a  large  number  of  fossils,  many  of  them  species  of 
Inoceramus  or  Terebratula,  is  a  peculiarly  blunt,  or  stunted  Stoma- 
topora, figures  of  which  are  given.  The  forms  are  not  unlike  the 
so-called  Hippothoa  inflata,  Hall,  a  Silurian  species  first  brought  to 
our  notice,  with  admirable  descriptions  and  figures,  by  Professor  H. 
A.  Nicholson.*  In  the  Jurassic  rocks  there  are  similarly  stunted 
forms,  but  as  these  have  not  been  described  I  cannot  refer  to  them 
more  minutely.  The  Hunstanton  examples  of  this  species,  if  I  am 
correct  in  my  identification,  are  very  characteristic  ;  and  the  figures, 
though  sketched  by  the  eye,  may  be  relied  on  as  pretty  correct  in 
outline.  Detail  sketches  are  not  easy  to  obtain  owing  to  the  species 
being  adherent  to  most  of  the  larger  fossils. 

Habitat :  Type  of  fig.  on  Terebratula  biplicata. 

7.  Stomatopora  linearis,  d'Orb.,  pi.  xvii.,  tig.  5. 

1852.     Stomatopora    linearis,    d'Orb.,    Terr.    Cret,    v.,    p.   838, 

pis.  629-658. 
1890.     Stomatopora  linearis,  Vine,  Quart.  Jour.  Geol.  Soc.,  vol.  xlvi., 
p.  466. 
I  have  met  with  only  one  unbranched  specimen  of  this  species 
in  the    Red    Chalk  of    Hunstanton.      The  example  differs  from 
d'Orbigny's  tig.  in  some  respect,  but  only  slightly.     The  Zocecia  of 
the  British  form  are  rather  less  oval  than  the  French  species  of  d'Orb. 
Habitat :  On  Terebj'atula  biplicata. 

It  may  be  well  for  the  student  to  compare  the  British  uniserial 
Stomatopone,  as  figured  on  plate  xvii.,  with  foreign  examples  figured 
by  d'Orbiguy,  Reuss,  and  other  authors,  because,  to  prevent  the  loading 
of  our  literature  with  new  names,  injustice  is  too  often  done  to  our 
British  fauna  in  adopting  foreign  names  for  species  without  a  proper 
caution  being  given. 


*  Annal.  Mag.  Nat.  Hist,  a.  4,  vol.  zv.,  Feb  ,  1S75,  pi  xL,  figs.  1-2. 
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Qenus  Pbobosgina  (Andouin)  d'Orbigny. 

The  Grenus  Proboadna  is  a  conyenient,  ratiier  than  an  essential 
division  of  the  Stomatopora  group.     Ab  defined  and  accepted  by 
d'Orbigny,  tiie  genus  looses  much  of  its  individuality,  for  many  of 
his  species  have  been  variously  located  by  other  authors.  Bfr.  ffincb 
says  (Brit.  Marine  Polyzoa,  p.  432)  ''  I  do  not  venture  to  identify 
Stomatopora  expanaa  with  d'Orbigny's  Proboadna  ramoaa  {^  Idwkh 
nea  cenomana  d'Orb.)  though  it  bears  a  strong  general  resemblance 
to  it/'  while  Tvbulipora  fimbria,  Lamk.  (op.  cit.  p.  448)  =  T.ftalh 
beUaria  Busk  (Gyclostomata,  p.  25)  is  identified  by  both  authors  as 
?  Proboadna  lat\folia  d'Orb.     In  working  up  their  material,  both 
Mr.  Busk  and  Mr.  Hincks  disallow  the  genus  for  recent  species  ;  the 
latter  author  bracketing  the  Stomatopora  whose  zoaiia  are  partially 
erect  and  free,  as  the  Sub-genus  Proboadna  Smitt    Stomatopora 
incraaaata,  Hincks,  thus  absorbs  TubtUipora  (Proboscina)  ineraaaata 
Smitt,  Alecto  retiformis  Hincks,  and  ?  Filiaparaa  ineraaaata  D'Orb. 
From  this  it  is  manifest  that  unless  the  genus  is  more  rigidly  defined 
and  limited,  it  would  be  impossible  to  accept  it  for  the  purposes  of 
this  memoir.     By  Reuss,"'  and  Novak,t  and  recently  by  Mr.  WalfordJ 
Proboscina  has  been  accepted  as  a  kind  of  passage  genus  intervening 
etweeu  Stomatopora  and  Dlastopora, 

Jules  Haime,  in  his  admirable  memoir  on  Jurassic  Bryozoa. 
accepts  Proboscina  as  a  passage  group,  and  he  suggests  that  probably 
Cellepora  echinatUy  Goldf.  =  Tubidipora  ecMnatay  Hag.,  and  Siphth- 
niotyphlus  plumatus,  Lonsdale,  are  really  Proboadna  species  ;  and 
Viastopora  ramosa,  Mich.  Lonsd.  is  undoubtedly  another.  Haime, 
in  his  monograph,  cites  other  species,  and  these  are  probably  Probos- 
dna  Haime,  —  Idmonea  (in  part,)  d'Orb. 

Mr.  E.  0.  Ulrich,  in  reviewing  some  of  Prof.  Nicholson's  Alecto 
species,||  places  two  of  them  in  the  Proboscina  group.  Ihus  Alecto 
confusa  Nich.  and  Aulopora  frondosa  James,  become  Proboscina 
respectively  ;  and  Mr.  Ulrich  remarks  that  the  Silurian  forms  are 


*  Bryozoen  des  Unteren  Planers,  in  Geinits*B  Ethftlgel,  in  Saohaen,  yoL  I , 
and  Ibid,  vol.  ii.    f  Brjoz  der  bohmisohen  Ereideformation. 
t  Quart.  Journ.  G^l.  Soo.,  vol.  xliii.,  and  Ibid,  vol,  zlv. 
>|  Ann.  Mag.  Nat.  llisL,  Ser,  iy.,  yoL  xy.,  1875. 
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like  ^tomatopora    '  Iml  with  cells  in  two  or  more  scries.'"'"'     As  yet 
have  not  found  multiserial-serial  Froboscina  in  our  own  Siluria 
rocks,  but  the  antiquity  of  the  genus  is  sufficiently  established  by  th 
citations  already  given. 

From  the  above  notes,  all  too  brief,  it  will  be  gathered  tha 
there  is  a  difficulty  whenever  we  attempt  to  establish  Proboscina  as 
natural  division  of  the  Stomatopora  group  :  yet  I  find  that  in  spit 
of  these  difficulties,  that  both  in  the  lied  Chalk  and  also  in  th 
Upper  White  Chalk  the  adoption  of  the  genus  is  most  convenien 
but  only  in  very  rare  cases  are  similarities  even,  much  less  identity 
between  British  an<l  foreign  species  noticeable. 

The  following  species  have  been  fully  described  in  the  pap 
already  referred  to,  and  as  regards  new  species  fully  illustrated. 

8.  Proboscina    angustata,   d'Orb.,   Terr.    Cret.,   p.    852,   pi.    63: 

figs.  7,  9. 
1890.  Varieties  (Vine)  Quart.  Jour.  Geol.  Soc.,  vol.  xlvi.,  p.  46 

pi.  xix.,  1,  la. 
1885.  Stomatopora  gracillis  {()  Vine,    Pr<K-.    Yorksh.    Geol.    Soc 
vol.  ix.,  p.  4,  pi.  ii.,  fig.  7. 
Examples  of  this  species  are  rare  in  the  Retl  Chalk,  and  as  the 
differ  from  the  type  species  of  d'Orb.,  I  place  them  here  temporarily 
Habitat :  On  TerebratuUi  bipUcata. 

9.  Proboscina  rugosa  (?)  d'Orb. 

1852.  Proboscina  rugosa  d'Orb.,  Terr.  Cret.  p.  853,  pi.  633,  figs.  6, 
1890.  .,  „  (0  Vine,  Quart.  Journ.  Geol.  Soc.,  vol.  xlv 

p.  468. 
Habitat :  On  Terebratula,  Inoceramus  and  Ammonites. 

10.  Proboscina  irregularis.  Vine. 

1890.  Ibid.    Quart.  Journ.  Geol.  Soc.    Ibid,  p.  468,  pi.  xix.,  fig 
2a,  2b. 

Var.  A.  Figs.  2c,  2d. 
Habitat :  On  Terebratula  and  Belemnites. 

This  species  is  only  known  to  me  by  a  few  rather  imperfe 
examples  besides  the  type  species. 


*  Joar.  Cinoin.  Soo.  Nat.  iliatory,  1882,  p.  149. 
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11.  Proboscina  uberims.  Vine.,  Quart  Jour.  (3eoL  Soc,  toL  xItl, 

p.  469,  pi.  six.,  figs.  3a-3b. 
Habitat :  On  Inoceramus  t  gulcatus. 

The  type  species  is  the  only  example  that  I  have  met  with  in 
the  Bed  Chalk. 

12.  Proboscina  gracilis,  Reuss,  var.  Reussi,  Vine,  Quart  Journ. 

Qeol.  Soc.,  vol.  xlvi.,  p.  469,  pL  six.,  figs.  4-4b. 
Habitat :  On  Terebraiula  bipKcaia. 
This  species  is  also  rare  in  the  Bed  Chalk. 

13.  Proboscina  subel^gans,  d'Orb.,  Terr.  Gret  v.,  p.  853,  pi.  759, 

figs.  8-13. 
1890.  Stomatopora  subelegans,  Pergens  Rev.  Bryoz.  Cret.,  p.  332, 

pi.  xi.,  fig.  3. 
1890.  Proboscina    subelegans,    Vine,'   Quart    Jour.    6eoL   Soc., 
vol.  xlvi.,  p.  470. 
Of  this  species  I  noticed  in  the  material  placed  in  my  hands 
for  description  about  three  fairish  examples  only. 
Habitat :  On  Inoceramus. 

14.  Proboscina  hunstantouensis,  Vine,   Quart.  Journ.  Geol.   Sue. 

vol.  xlvi.,  p.  470,  pi.  xix.,  fig.  5. 

Habitat :  On  Inoceramus  and  Terebratula  biplicata. 

This  is  by  far  the  most  characteristic  and  abundant  of  the  Red 
Chalk  Probiscinse.  The  variety  differs  from  the  type  species,  but  I 
find  that  it  is  impossible  to  seperate  them  altogether  except  by  a 
varietal  term. 

15.  Proboscina  hunstantouensis.  Vine.  Var.  ampliata.  Vine,  Ibid, 

pi.  xix,  figs.  6-6a. 
Habitat :  On  Inoceramus. 
Not  so  abundant  as  the  typical  form. 

16.  Proboscina  Jessoni,  Vine.     Ibid,  p.  471,  pi.  xix.,  figs.  7a-7b. 
Habitat :  On  Terebratula  biplicata. 

This  beautiful  and  well-marked  species  is  rare  in  the  Red  Chalk. 
It  is  not  often  tliat  we  meet  with  examples  of  Proboscina  having  the 
orifices  of  the  cells  closed,  but  in  this  species  several  of  the  middle 
cells  of  the  colony  have  not  only  closed  cells,  but  the  **  closures  '*  are 
delicately  perforated. 
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17.  Proboscina  gigantopora,  Vine.    Ibid,  p.  471,  pi.  xix.,  figs.  8-8b. 
Reference :    Entalophora     gigantopora     (Proboscidian    stage), 

Vine,  Camb.  Greensand  Polyzoa,  Proc.  Yorksh.  Geol.  Volyt. 
Soc,  vol.  ix.,  1885,  p.  8,  pi.  i.,  fig.  3,  and  vol.  xi.,  1889, 
p.  262,  footnote. 
Habitat :  On  Terebratnln  biplicatn. 

18.  Proboscina  bohemica  (?),  Novdk.  Var.  (Vine)  Op.  cit.,  p.  472, 

pi.  ix.,  figs.  9a-9b. 
1877.  P.  bohemica,  Novik,  Bryoz.,  Bohni,  Kreidef,  p.  101,  pi.  v., 

figs.  24-25. 
isr>2(?).  Idmonea   rarliolitionini  d'Orb.,    Terr.   Cret.  v.,  pi.   633, 
figs.  8-10. 
A  beautiful  little  polyzoon,  and  closely  resembling  Novdk's  species. 
Habitat :  On  Terebi^atula  biplicatn, 

19.  Probo.scina  Toucasiana  (?),  d'Orb.,  Terr.  Cret.  v.,  p.  856,  pi.  634, 

figs.  1-6. 
1890.  Vine,  Quart.  Joum.  Geol.  Soc,  vol.  xlvi.,  p.  472. 
Habitat :  On  Terebratula  biplicata. 

20.  Proboscina  ramosa  (?)  d'Orb.,  Terr.  Cret.  v.,  p.  851,  pi.  632, 

figs.   1-3,   pi.  633,  figs.  1-3.     Vine,  Quart.  Journ.  Geol. 
Soc.,  xlvi.,  p.  473. 
Habitat :  On  Inoceranms. 

21.  Proboscina  dilitata,  d'Orb.,  Terr.   Cret.,  v.  p.  851,    pi.    632, 

figs.  4,  6. 
Prof.  Seeley  remarks  of  this  species  that  the  fossil  is  about 
intermediate  between  d'Orbigny's  figures  of  Idinonea  dilatata  and 
Idmonea  virgula,  being  nearer  to  the  fonner.  It  appears  to  differ 
a  little  too,  in  having  the  mouths  more  contracted.  Ann.  Mag.  Nat. 
Hist.  Ser.  iii.,  vol.  xvii.,  p.  181,  1866. 

22.  Proboscina  dilitata  var.  cantabrigiensis.  Vine,  Quart.  Jour.  Geol. 

Soc.,  vol.  xlvi.,  p.  473. 

1889.  P.  dilitata  var.  cantabrigiensis,  Vine. 

Further  Notes  on  the  Polyzoa  of  the  Cambridge  Green- 
sand.  Proc.  Yorksh.  Geol.  Soc.,  vol.  xi. 

1890.  Ibid.,  Vine.     Quart.  Jour.  Geol.  Soc.  vol.  xlvi.,  p.  473. 

Habitat :  Red  Chalk.  Cast  only, 
c 
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So  far  as  I  am  concerned  all  that  I  have  seen  at  all  resembliDg 
the  P,  diUtaiay  d'Orh.,  is  a  cast  of  a  species  similar  to  the  one  re- 
ferred to  in  my  Grecnsand  paper.  Its  existence,  however,  is  recorded 
by  Prof.  Seeley  in  his  1864  paper,  and  by  the  Rev.  T.  Wiltshire,  but 
marked  rare  (top  layer  Red  Glialk).  Therefore  I  retain  d'Orb.  name, 
so  as  to  admit  the  identifications  of  Prof.  Seeley  and  the  Rev.  T. 
Wiltshire. 


Genus  Diastopora  Lamx. 
The  Diastopora  of  the  Red  Chalk  are  a  vety  peculiar  and  a  ver}' 
characteristic  group  of  fossils.  Most  of  the  species  now  to  be  referred 
to  are  altogether  unlike  any  known  British  forms,  but  some  are  evi- 
dently allied  to  species  described  by  d'Orbigny  and  other  authors, 
derived  from  foreign  Cenomanian  or  Senonian  horizons  ;  while  others, 
such  as  D.  humtantonensis  and  its  allies  are  quite  distinct  and  new 
to  science. 

As  already  stated  Prof  Seeley  lias  catalogued  (1864)  three 
species,  Bereukea  pohjstoma  Roem  ;  B.  contrarta  Seeley  ;  and  B. 
Clementina  d'Orb  ;'"  but  in  liis  18G6  paper  only  one  species,  B  ran- 
tracta  Seeley  is  described.  It  is  ([uite  possible  that  this  form  may 
be  one  of  tlie  varieties  of  />.  hunmtantonensis  Vine,  of  which  s|>ecies 
there  are  several  varieties,  and  as  no  figures  are  given  by  the  auth«>r 
it  may  be  well  to  retain  it,  below  which  Mr.  Seeley's  remarks  will 
appear.  The  other  species  I  have  not  been  able  to  identify.  The 
Cellulipora  sulmta  Seeley  will  be  retained  as  Diastopora,  but  I  am 
not  aware  that  I  have  come  across  a  similar  species  in  the  Hunstan- 
ton Red  Chalk.  As  Prof.  Seeley's  fossils  are  preserve<l  in  the  Wixxl- 
wardian  Museum,  probalJy  labelled  with  the  specific  term  sulcata, 
I  feel  that  I  have  no  right  to  suppress  it  in  this  memoir. 

23.     Diastopora  huustantonensis,  Vine.    Fig.  7  (small  example). 

1890.  D.  huustantonensis.  Vine,  Quart.  Jouni.  Geol.  Soc,  vol.  xlvi., 

p.  475,  pi.  xix.,  figs.  10a,  10b. 

This  is  the  most  abundant  and  most  characteristic  of  all  the 

Red  Chalk  Polyzoa.     I  have  found  examples  of  it  adherent  to  a  large 

number  and  variety  of  fossils,  especially  the  larger  Ammonites.     On 


*  18C4  Ann.  M&g.  Nat.  Uiatoiy. 
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one  Ammonite  alone  I  counted  more  than  a  dozen  colonies,  but  I 
was  unable  to  study  these  forms  under  the  microscope  on  account  of 
the  size  of  the  Ammonite,  and  in  examining  them  by  the  hand  glass, 
which  was  by  no  means  satisfactory,  I  might  have  overlooked  several 
varieties,  and  the  D,  contracta  Seeley,  might  be  one  of  the  forms  that 
has  not  been  previously  recorded  by  me.  It  will  be  noticed  in  my 
list  of  Proboschui  species  that  one  bears  the  name  P.  hunstantonensiSy 
Vine  ;  evidently  the  Probiscina  thus  named  is  an  ally  of  the  present 
form. 

Habitat :  On  Terebratula,  Inoceramus,  Ammonites,  and  almost 
on  every  class  of  fossils  referred  to. 

24.  Diastopora  hunstantonensis,  Vine.  (Var.  A.)  fig.  8,  Quart.  Jour. 
Geol.  Soc,  p.  475,  pi.  xix.,  figs.  11a,  lib. 
A  well-marked  variety  of  this  beautiful  species. 
Habitat :  On  Inoceramus  and  Terebratula 
25. ,  Diastopora  hunstantonensis,  Vine. 

?  Var.  contracta,  Seeley.  Ann.   Mag.  Nat.  Hist,  Ser.  iii., 
vol.  xvii.,  p.  181,  1866. 
Prof.  Seeley  remarks  that  the  species  which  he  has  described  as 
Berenicea    contracta^    "resembles     Diastapora     Clementina    d'Orb. 
(Terr.  Cret.  v.,  p.  865,  pi.   636,  figs.    1,  2),  of  which  it  is  a  good 
variety.     It  is  attached,  orbicular,  and  has  the  cells  arranged  like  an 
extended  fan  ;  these  are  very  distinct  and  narrow,  being  about  twice 
as  long  in  proportion  to  their  width,  as  in  B.  clementiiia,  and  con- 
tract from  the  point  where  they  first  appear,  to  the  aperture,  which 
is  very  small.     This  tapering  character  of  the  cells  sufiice  to  dis- 
tinguish it  from  all  other  forms." 
26.  Diastopora  foecunda,  Vine. 

1885.  Diastopora  foecunda,  Vine,  Proc.  Yorksh.  Geol.  Polytech.  Soc., 
vol.  ix.,  p.  9. 

1889.  Diastopora  foecunda,  Vine,  Ibid,  vol.  xi.,  p.  266. 

1890.  Diastopora  foecunda.  Vine,  Quart.  Jour.  Geol.  Soc,  vol.  xlvi., 

p.  476. 
The  Red  Chalk  form  is  rather  larger  than  the  one  described  in 
the  Cambridge  Greensand  papers. 

Habitat :  On  a  Water-worn  piece  of  Chalk. 
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27.  Diastopora  r^gularis,  d'Orb. 

1850.  D.  legularis  d'Orb.,  Terr.  Gret  v.,  pL  6S€  (fig.  10  cmly). 

1851.  D.  densata  d'Orb.,  ibid,  pL  637,  fi^^  1,  2. 

1851.  D.  orbicula  d'Orb.,  ibid,  pL  637,  figs.  3,  4. 

1852.  Berenicea  r^^laris  d'Orb.,  p.  d65,  ibid,  pL  636,  figs.  9,  10, 

pi.  637,  figs.  3,  4. 
1869.        „  „       Wiltshire,  Ann.   Mag.   Nat  Hist,  toI, 

XXV.,  p.  187. 
1890.  Diastopora  regularis  Vine,  Quart  Jour.  Geol.  Soc.,  voL  xlvi., 
p.  476. 
A  well-marked  and  characteristic  species  as  restricted  aboYe, 
and  the  only  one  that  I  have  met  .with. 
Habitat :  On  Terebratula  bipUcata. 

28.  Diastopora  radians  Novdk.,  Variety  ? 

1877.  Berenicea  radians  Novdk,   Bryoz.   bohm.    Kreidef.,   p.   98, 

pi.  iv.,  figs.  15,  18. 
1890.  Diastopora  radians  ?   Vine,  Quart.  Jouru.  Geol.   Soc,  vol. 
xlvi.,  p.  477. 
The  example  which  I  place  under  Novak's  name,  as  a  variety  of 
his  species,  is  the  only  one  that  I  have  met  with  amongst  the  Red 
Chalk  fossils. 

Habitat :  Terebratula  hiplicata. 

29.  Diastopora  papillosa  (?)  Reiiss. 

1846.  Diastopora  papillosa,  Ileuss.  Verst  bohm.  Kr.,  p.  65,  \)\.  xv., 

figs.  44,  45. 

1847.  „  papillosa,  d'Orb..  Prodr.  ii.,  p.  266. 
1847.          „          oceanica,  d'Orb.,  ibid. 

1851.  „  disciformis,  Hag.  Bryoz.  Maastr.  Kreid.,  p.  16, 

pi.  X.,  f.  7. 
18o2.  Berenicea  papillosa,  d'Orb.,  Terr   Cret.  v.,  p.  866,  pi.  639, 

figs.  6,  7. 
1890.  Diastopora  papillosa,  Vine,  Quart.  Journ.  Geol.  Soc,  vol.  xlvi., 
p.  477. 
The  Red  Chalk  form  is  disciform,  one  colony  overlapping  another, 
originating  cells  central. 

Habitat :  On  Terebratula  bipUcata. 
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30.  Diastopora  Jessoni,  Vine. 

1890.  Diastopora  Jessoni,  Vine,  Quart.  Journ.  Geol.  Soc,  vol.  xlvi., 

p.  478,  pi.  xix.,  figs.  12a,  12b. 

This  beautiful  little  species  is  only  known  to  me  by  a  few 

examples,  the  most  perfect  of  which  is  taken  as  the  t3rpe..  My  reasons 

for  naming  it  after  Mr.  Jesson  are  given  in  the  descriptive  text  in 

the  Quart.  Journ.  Geol.  Soc.,  p.  478. 

Habitat :  On   Tertebratula  biplicata  ;  Nautilus  albeiisis,  d'Orb. 

31.  Diastopora  sulcata,  Seeley. 

1866.  Cellulipora  sulcata,  Seeley,  Ann.  Mag.  Nat.  Hist.,  vol.  xvii, 
p.  181. 
"  The  form  of  the  colony  in  this  species  is  similar  to  that  of 
Cellulipora  spongiosa,  d'Orb.  (D.  spongiosa,  d'Orb.,  1850,  Terr.  Cret. 
v.,  p.  874,  pi.  637,  f.  5,  6),  with  which  it  is  most  closely  related.  .  . 
D.  Sowerbi/ij  Lonsdale,  belongs  to  this  genus  (Cellulipora),  and  is 
nearly  related,  and  may  even  be  this  species,  but  from  the  important 
cliaracters  being  overlooked  in  the  description  and  figure,  I  cannot 
determine  the  point.'*  Seeley. 

32.  Unitubigera  papyracea,  d'Orb. 
1850.  Actinopora  papyracea,  d'Orb. 

1852.  Unitubigera    papyracea,   d'Orb.,   Terr.    Cret.   v.,    pi.    643, 

figs.  12,  14. 
1890.  „  „  Vine,  Quart.  Journ.  Geol.  Soc,  vol. 

.xlvi.,  p.  479. 
This  species  is  rare  in  the  Red  Chalk,  but  the  example  that  I 
place  here,  though  almost  unique,  is  very  distinct.     Only  one  other 
broken  specimen  has  been  found. 

Habitat :  On  Terehratula  biplicata. 


Genus  Entalophora,  Lamx. 
The  following  may  be  recorded  but  examples  are  very  rare,  and 
very  ill  preserved. 
33.  Entalophora  proboscidea,  Edw. 

1890.  Entalophora  ?  sp.  Quart.  Journ.  Geol.  Soc,  xlvi.,  p.  479. 
Habitat :  On  Spondylus.     Red  Chalk,  Hunstanton. 
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It  is  useless  to  give  any  qrnonjrms  of  the  above  spedes  in  this 
case,  as  I  am  somewhat  donbtfid  about  the  identity  of  this  ill- 
{Hreserved  example,  but  I  believe  that  I  am  right 


§  6.  Rbotahoulata,  Waters. 
In  which  the  Zoodcia  or  canoelli  open  for  the  mdst  part  at  right 
angles  to  the  axis  or  surface  of  the  Zoarium  or  sub-colony. 


Qenus  GBSioponA,  Ooldfuss. 
1826.  Geriopora  (pars.)  Goldf. :  PetrifGieta,  &c. 

In  establishing  the  genus  Geriopora,  Goldfuss  accepted  for  his 
type  Alveolites,  Lamarck ;  altogether  Gtoldfuss  desmbed  about  37 
species,  but  since  his  time  the  genus  has  been  broken  up  consider- 
ably. d'Orbigny  admits  (Terr.  Cret  v.,  p.  1030)  the  following 
Cretacous  species  : — 
1830.  Ceriopora  tubiporacea,  Goldf.,  Petrifacta,  pi.  x.,  f.  13. 

milleporacea      „  „         pi.  x.,  f.  10. 

micropora  „  „         pi.  x.,  f.  4. 

1845.  Ceriopora  truncata,  Mich.  Icon.,  pi.  li.,  f.  7. 
34.  Ceriopora  micropora  ?  Goldf.  (Vine),  Quart  Journ.  Geol.  Sec., 
vol.  xlvi.,  p.  480. 
Two  examples  of  this  species  were  found  among  the  fossils 
submitted  to  me  for  examination. 

Habitat :  Embedded  in  fragments  of  Red  Chalk. 
Horizon  :  Middle  Bed,  Hunstanton. 


))  )> 


>»  >> 


Genus  Rbptomulticava,  d'Orb. 
1826.  Ceriopora  (pars.)  Goldfuss  ;  Blainville. 
1852.  Reptomulticava,  d'Orb.,  Terr.  Cret  v.,  p.  1032. 

35.  Reptomulticava  simplex,  d*Orb.,  Terr.  Cret  v.,  p.  1041,  pi.  793, 

fig.  5. 
Habitat :  On  Terebratula  biplicata. 

36.  Reptomulticava  coUis,  d'Orb.,  Terr.  Cret  v.,  p.  1036,  pi.  792, 

figs.  1,  3. 
1890.  K  simplex  and  K  collis,  Vine,  Quart.  Jour.  Geol.  Soc,  vol. 
xlvi.,  p.  481. 
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37.  Reptomulticava  mamilla,  Rss.  (Wiltshire). 
1869.  Quart.  Jour.  Greol.  Soc  ,  vol.  xxxv.,  p.  187. 

Horizon  :  Middle  and  Lowest  layers.    Red  Chalk,  Hunstanton. 
(Common,  Wiltshire). 
38. .  Reptomulticava  favus,  Seeley. 
1866.  Ann.  Majg.  Nat.  Hist.,  Ser.  iii.,  vol.  xvii.,  p.  181. 

A  form,  says  Prof.  Seeley,  nearly  related  to  R,  coUis  and  R. 
mamilUi,  but  irregular  in  growth,  more  resembling  d'Orb's  Ceriopora 
digitata.     It  is  a  common  fossil  and  may  be  marked  R,  favus. 

Although  I  only  admitted  two  species  of  Reptomulticava  (Nos. 
35  and  36)  in  my  paper,  the  other  two  may  be  advantageously 
adopted.     I  have  retained  Prof   Seeley's  name,  however,  as  most 
appropriate  for  one  of  the  undescribed  examples  in  my  cabinet. 
Habitat :  On  Fragments  of  Water-worn  Red  Chalk. 
Horizon  :  Top  layer  (A.)  Hunstanton. 


Genus  Zonopora. 
D'Orbigny  in  his  5th  Family  Caveidaj  (Terr.  Cret.  v.,  p.   922) 
has  brought  together  no  fewer  than  twenty-seven  genera,  all  of  which 
are  peculiar,  or  characteristic.     The  author  includes  in  this  family, 
Zonopora,  Ditaxia,  Lichenopora,  Domopora  and  Radiopora.     In  his 
"  Revision  des  Bryozoaires  du  Cr^tacd  figures  par  d'Orbigny,"  Dr. 
Pergens,*  these  genera  are  separated,  and  Zonopora  and  Multicrescis 
are  designated  Heteropora.     For  the  convenience  of  reference,  and  to 
prevent  any  misinterpretation  in  the  present  paper  of  the  Monograph 
of  Red  Chalk  Polyzoa  (Q.  J.  G.  Soc,  vol.  xlvi),  I  quote  the  names 
given  in  the  latter  paper,  with  the  additional  references  furnished  by 
Dr.  Pergens  in  his  Revision. 
39.  Zonopora  irregularis,  d*Orb. 
1840.  Zonopora  irregularis,  d'Orb.,  Prodr.  ii.,  p.  87. 
1852.        „  „  d'Orb.,  Terr.  Cret.  v.,  p.  390,  pi.  771, 

figs.  4,  6. 
1890.  Heteropora  arborea  Koch,  et  Dunker.  (Pergoas.)  Revis.  des 
Bryoz.,  p.  373. 


*  Bulletin  de  la  Soo.  Beige  de  Geol.  de  Palseontologie,  18S9,  Tome  iii., 

pp.  305,  400. 
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1890.  ZoQopora  inegalaris  (?)  Vine,  Quart  Jouhl  GeoL  See.,  vol 
xlvi.,  p.  482. 
Habitat :  Embedded  in  Red  ChalL 
Horizon  :  Top  layer  (A.)  Hunstanton. 

40.  Zonopora  variabilis  (1),  d'Orb. 

1852.  Zonopora  variabilis,  d'Orb.,  Terr.  Gret,  v.,  p.  931,  pL  771, 

figs.  9-13. 
1890.  Heteropora  variabilis,  Perg.,  Rev.  des.  Bryoz.,  p^  374. 
1890.  Zonopora  variabilis  (?),   Vine,   Quart.   Joum.   6eol.  Soc, 
voL  xlvi.,  p.  482. 
Two  minute  firagments  are  placed  here  doubtfully. 
Horizon:  Top  layer  (A.)  Red  Chalk,  Hunstanton. 

41.  Multicrescis  variabilis,  d'Orb.,  Terr.  Qret  v.,  p.  1077,  pL  800, 

figs.  3-7. 
1890.  Multicrescis  variabilis,  Vine,  Quart.  Joum.  Geol  Soc.,  vol 
xlvi.,  p.  483. 
Horizon:  Top  layer  (A)  Red  Chalk,  Hunstanton. 

42.  Heteropora  tenera.  Hagenow,  var. 

1890.  Heteropora  (?)  sp.,  Vine,  Quart.  Joum.  Geol.  Soc,  vol.  xlvi., 
p.  480. 
I  am  rather  doubtful  about  this  species,  as  the  fragments  were 
very  soft  and  did  not  yield  good  results  when  rubbed  down  for 
minute  examination.  Yet  I  have  had  fragments  of  Faringdon 
//.  tenef'a  just  as  doubtful  to  deal  with,  but  being  of  a  harder  texture 
better  results  were  obtained  by  rubbing. 

Habitat :  Decumbent  on  Water-worn  Hunstanton  Red  Chalk. 

43.  Lichenopora  coUis,  d'Orb. 

1850.  Actinopora  collis,  d'Orb.,  Terr.  Cret.  v.,  pi.  643,  fig.  1-4. 
1852.  Unicavea  collis,  d'Orb.,  Ibid.  p.  973,  pi.  778,  fig.  1-2. 
1890.  Unicavea  collis,  Vine,  Quar.  Journ.  Greol.  Soc,  vol.  xlvi., 
p.  483. 
This  species  must  not  be  confounded  with  Reptomulticavm 
collis,  d'Orb.,  already  described. 

Habitat :  On  Terebratnla,  Inoceramus,  and  Bourgueticrinus. 
I  have  found  two  varieties  of  this  species  among  my  Red  Clialk 
material. 
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§  II.  Sub-Order  Cheilostomata,  Busk. 
Species  belonging  to  this  sub-order  are  very  rare  in  the  Red 
Chalk  The  five  well-marked  species  given  below,  are  all  that  I  have 
met  with,  and  these  are  very  fragmentary.  Excepting  the  first, 
which  is  new,  I  have  identified  the  other  species  to  the  best  of  my 
ability,  but  I  think  they  ought  to  find  a  place  here  in  the  hope  that 
better  examples  will  be  found  in  the  future. 

44.  Membranipora  gaultina,  Vine,  Quart.  Jour.  Geol.  Soc,  v.  xlvi., 
p.  4S4,  pi.  xi.x.,  figs.  13a- 13b. 
Habitat :  On  Inocerannis,  Terebratula  biplicata,  and  T.  capillata. 
Horizon  :  Gault,  Cambridge  ;  Red  Chalk,  Hunstanton. 
4.0.  Membranipora  fragilis,  d'Orb. 
1852.  Flustrellaria  fragilis,  d'Orb.,  Terr.  Crei  v.,  p.  545,  pi.  723, 

figs.  5-9. 
1890.  M.  fragilis.  Vine,  Quar.  Joiurn.  Geol.  Soc,  p.  485. 

Habitat :  On  Terebratula  biplicata,  Red  Chalk,  Hunstanton. 

46.  Membranipora  ?  obliqua,  d*Orb. 

1852.  Filiflustrellaria  obliqua,  d'Orb.,  Terr.  Cret.,  v.,  p.  513,  pi.  723, 

figs.  1-4. 
1890.  M.  obliqua?  Vine,  Q.  J.  Geol.  Soc,  vol.  xlvi.,  p.  485. 

The  fragment,  adherent  to  Belemnites  minlmm,  is  the  only 
example  of  this  species  known  to  me  from  the  Red  Chalk  of 
Hunstanton. 

47.  Membranipora  elliptica  ?  Hagenow. 

Cellepora  elliptica.  Hag.     Marginaria  elliptica,  Roem. 

Membranipora  elliptica  d'Orb. 
1877.  M.  elliptica,  Xovtik,  Bryoz.  bohm,  Kreide,  p.  89,  pi.  2,  fig.  16. 

Hesitating,  as  I  do,  to  identify  this  species  with  von  Hagenow's 
C.  elliptica,  I  refer  the  student,  with  pleasure,  to  the  long  list  of 
synonyms  and  references  given  by  Noviik,  I  have  only  one  example, 
and  as  Novak's  fig.  16,  pi.  ii.,  closely  resembles  its  general  features, 
Ills  identification  is  arlopted. 

Habitat :  On  Pentacrinm  Fittonl,  Red  Chalk,  Hunstanton. 

48.  Hippothoa?  simplex,  d'Orb, 

1851.  Hippothoa  simplex,  d'Orb.  Terr.  Cret.,  v.,  p.  385,  pi.  711, 
figs.  5-8, 

D 
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1890.  Hippothoa  simplex.  Vine,  Q.  J.  Qeoi.  Soc.,  vol.  xlvi,  p.  486, 
very  rare  in  the  Red  Chalk. 
Habitat :  On  Inoceramus,  Red  Chalk,  Hunstanton. 
In  my  Monograph  of  the  Polyzoa  of  the  Red  Chalk*  of  Hnn- 
Stanton  I  have  only  catalogued  43  species  and  varieties,  the  additionil 
5  species  or  varieties  in  this  paper  are  made  up  chiefly  from  the 
identifications  of  other  authors,  which,  I  consider  it  would  be  unwise 
to  suppress. 


III.  Entomostraga. 

When  examining  the  material  sent  to  me  by  Mr.  Jesson,  eveiy 
now  and  again  I  came  across  fragments  of  broken  chalk,  or  broken 
shell,  on  which  were  examples  of  either  Ostracoda  or  Poraminifera. 
At  least  four  or  five  species  were  found  in  this  way,  but  as  I  did  not 
intend  to  work  out  these  two  groups  when  I  had  the  polyzoa  \yi\\m 
in  hand,  I  returned  the  attached  forms  to  Mr.  Jesson  with  the  other 
unused  fossils.  Most  of  the  Eutoniostraca,  so  far  as  I  remember, 
belonged  to  the  Cutherelli  and  probably  Ba!nih  groups,  and  the 
Foraminifera  were  Litwd't  and  Cnstelhiria  species.  Among  the  rest 
of  the  material  sent  to  me  was  a  small  box  of  powdered  fragmeuts  of 
Red  Chalk  from  the  top  layer  of  the  Hunstanton  bed.  This  I 
reserved  for  the  puq)ose  of  manipulation,  and  after  washing  and 
sifting  I  was  able  to  pick  out  the  Microzoa,  which  will  be  described 
in  this  part  of  my  paper.  Neither  Foraminifera  nor  Entomostraca 
were  in  any  abundance,  in  many  cases  tlie  examples  that  will  1^ 
referred  to  are  uniciue.  Occasionally  I  came  across  a  small  fish  tooth 
or  a  minute  fragment  of  Et^hinodermata,  spines  chiefly,  which  I  am 
not  able  to  describe,  but  their  presence  may  receive  a  passing  notice. 
Thin  sections  of  the  Red  Chalk  of  Speeton  and  Hunstanton,  together 
with  sections  of  White  Chalk  from  the  layers  which  overlay  the  Red 
Chalk  of  Speeton  and  Hunstanton  have  been  carefully  prej>ared  and 
examined  for  the  purpose  of  studying  the  diflerence  between  the  reii 
layers  of  Norfolk  and  Yorkshire.  Examples  of  the  Lincolnshire 
Red  Chalk  I  was  not  able  to  get. 

*  Qaart.  Joam.  €^l,  Soc.,  vol   xlvi.,  I8H0. 
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It  must  not  be  imagined,  tlierefore,  that  this  part  of  my  paper 
is  in  any  way  exhaustive ;  indeed  our  knowledge  of  the  Microzoa  of 
the  Red  Chalk  is  only  in  its  infancy,  but  every  little  addition  to  that 
knowledge  will  help  in  a  good  work,  and  others  may  benefit  by  even 
a  single  record.  As  regards  the  Entomostraca  my  chief  references 
will  be  to  Prof.  T.  Rupert  Jones'  Monograph  of  Cretaceous  Ento- 
mostraca;"^' and  to  the  Supleuientary  Monograph  recently  published 
by  Messrs.  T.  R  Jones  and  G.  H.  Hinde.t  In  the  1849  Monograph 
only  one  species,  Cytherella  ovata,  is  recorded  as  derived  from  the 
Red  Chalk  of  Flamborough :  in  the  second  Monograph  none  are 
recorded,  not  even  the  C.  ovata  as  above.  I  am,  glad  therefore,  to 
be  able  to  add  to  the  Red  Chalk  list  live  additional  species. 


Genus  Bairdia,  M'Coy. 

1.  Bairdia  sub-deltoidea,  Munster. 

1849.  Bairdia  sub-deltoidea,  Jones,  Mouog.   Entom.   Cret.  p.  23, 
pi.  v.,  fig.  15. 
1856.  Bairdia  sub-deltoidea,  Jones,  Monog.  Entom.  Tert.,  p.  52. 
1890.        „  „  Jones  and  Hinde,  Monog.  Entom.  Cret. 

p.  5,  pi.  ii.,  tigs.  31-34. 
A  long  list  of  synonyms  and  references  is  given  by  the  authors 
in   the  last  (1890)  citation  above,  p.  5,  to  which  the  student  is 
referred.     The  unique  example  which  I  place  here  is  more  like  the 
fig.  34  (right  valve),  pi.  ii.,  (Monog.  Entom.  Cret,  J.  and  H.),  than 
any  of  the  others  in  this,  or  in  the  earlier  Monograph. 
Localities  (Jones  and  Hinde). 
Chalk :  Norwich,  Horstead,  Colchester,  and  South  East  England ; 

Cave  Hill  (Antrim),  and  Keady  Hill  (Londonderry). 
Chalk-rock :  Dunstable  and  Luton  (Bedfordshire) ;  West  Wycombe 

(Buckinghamshire)  ;  Chinnor  (Oxfordshire). 
Chalk-Marl :  Didcot  (Berkshire) ;  Detritus  :  Charring  (Kent). 

Red  Chalk  Hunstanton,  Vine. 
Gault :    Godstone  (Surrey) ;    Greensand :    Cambridge    and  War- 
minster. 

2.  Bairdia  Harrisiana,  Jones. 

*  Palteontographioal  Soc,  1849.  f  Palssontographioal  Soo.,  1890. 
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1849.  Bairdia  Harrisiana,  Joues.  Mouog.  Eutom.  Cret.,  p.  25. 
1890.       ,,  „         J.  and  H.,  Monog.  Eiiiom.    Cret.,  p.  s, 

pi.  ii.,  figs.  52-55. 
The  examples  which  I  place  here  are  like  the  Cambridge  Green- 
sand  forms  iu  my  possession,  *'  elongate,  convex,  and  narrow,"  which 
were  at  first  identified  by  Prof.  T.  R.  Jones  as  **  Ai^gillan^ia  ?  Haiti- 
siana." 

Localities  :  Chalk:  Keady  Hill  (Deny) ;  Graveseudand  CliarltoD 
(Kent);  CluilkRock:  Dunstable;  Detritus:  (Charing):  RMOkaH 
Hunstanton  (Vine)  ;  Greensand :  jDambridge  ;  Gault :  Folkestone 
and  Leacon  Hill. 


Genus  Cythereis,  Jones,  1849. 

3.  Cythereis    auriculata    (Conuiel)    (fig.    58,    more    jiarticwlarly 

J.  and  H.,  pi.  i.) 
Cytherc  auriculata  Corn,  (part)  Mem.  Soc.  (irei)I.  Fnince. 
1890.  (.-ythereis  aurirulata  J.  and  II.,  Monog.  Entoui.  Cret.,  \k  1'.'. 
pi.  i.,  iigti,  56-61. 
**  Specimens  of  this  particular  fonn   have  beeu   obtained  l»y 
ilr.  F.  Chapman,  from  the  Gaults  of  Folkestone  (Kent),  and  (Joil- 
stone  (Surrey).     Figs.  53  and  64  are  t}'i)ically  sub-oblong,  biunlly 
rinnned  and  denticulate  in  front,  and  bear  the   two   longitudinal 
swellings  characteristic  of  this  species."  p.  20,  op.  cit).     The  uni<inc 
lied  Chalk  fonn  bears  the  longitudinal  swellings,  and  speaking  gener- 
ally all  the  other  features  depicted  in  fig.  53  on  pi.  i. 

Localities  :  C/taik  Ruck  :  Dunstable  ;  Red  Chalk  Hunstantnri : 
Gault  :  Godstone  and  Folkestone ;  Arocomiitn  :  Haute-Marue. 
France. 

4.  C3rthereis    Lonsdale^nia   Jones.      ilonograj)!!,    Cret.     Entnni'*^ 

Jones  and  Hinde,  1890,  pi.  i ,  j).  27  lor  description. 
I  have  found  a  single  valve  of  this  si)ecies  which  corres}M)ml* 
with  fig.  64,  pi.  i.,  of  the  above  monograph. 

Horizon  :  lied  Chalk,  Hunstanton  (Top  bed). 


Genus  ("vthehklla,  Joucn  1849. 
5.  ( -ytlierella  ovat^i,  Ila-mer  (Monog.  Cret.  Kntiun.  Jones,  ISiO;. 
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1890.  See  Monog.  Entom.  Cret.  J.  and  H.,  pp.  44-45,  pis.  iii.,  iv. 

Horizon  :  Red  Chalk  Hunstanton  (Vine) ;  Flaniborongh  (Jones). 
H.  Cytherella  Muensteri  (Ronier)  1849.  Monog.  Entom.  Cret. 
1890.  Monog.  Entom.  Cret.  J.  and  H.,  p.  46  for  references,  &c. 

Horizon  :  Red  Chalk  Hunstanton. 


IV.      FORAMINIFERA. 

It  will  not  be  necessary  to  give  elaborate  details  of  the  Forami- 
nifera  of  the  Red  Chalk.  Some  of  the  examples  are  unique,  but 
nearly  all  of  them  belong  to  the  ordinary  chalk  forms,  and  with  the 
exception  of  three  are  similar  to  the  species  already  catalogued  from 
the  Cambridge  Greensand. 

1.  Placopsilina  cenomana  d'Orb. 

Examples  of  this  genus,  which  are,  according  to  Prof.  T.  R.  Jones 
(Fossil  Foraminifera  Brit.  Mus.,  p.  87,  fixed  Lituola,)  are  abundant 
in  the  Red  Chalk,  adherent  to  a  variety  of  fossils. 

Horizon,  &c. :  Red  Chalk  Hunstanton  :  On  Terebratula  bipUcata. 

2.  Nodosaria  obscura,  Reuss. 
Unique  example. 

Horizon  :  Red  Chalk  Hunstanton,  ■'  Middle  layer  B. 

3.  Cristellaria  rotulata.  Lam. 

This  species  is  very  small  and  rather  rare  in  the  Red  Chalk.  In 
the  Cambridge  Greensand  (Phosphate  Beds)  it  literally  swarms  in  the 
debris,  and  examples  may  be  picked  out  by  thousands. 

Horizon  :  Red  Chalk  Hunstanton.  I^op  layer  A.  and  sections  in 
the  Midillc  layer  B  in  chalk  :  Red  Chalk  Speeton  (Yorkshire). 

4.  Bulimina  presli,  Reuss. 
Exjimples  rather  rare. 

Horizon  :  Red  Chalk  HunsUinton.  Mid.  layer  B,  and  top  layer  A. 

5.  Verueuilina  tritpietra  Miinster.     (V.  tricarinata,  d'Orb.) 
Horizon  :  Red  Chalk  Hunstanton,  Top  layer  A,  rare.    Camb.. 

Greensand  :  abundant. 

6.  Globigerina  buUoides,  d'Orb. 

This  form  is  very  abundant  in  sections  of  Red  Chalk  from  both 


*  I  could  quote  a  variety  of  horizons  for  the  species  indicated,  but  I  have 
kept  to  m  J  own  labours  chiefly. 
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HunstantoD  and  Speeton.  The  Speeton  forms,  however,  are  con- 
siderably larger  in  the  chambers  than  in  the  Hunstanton  Red  Clulk. 
and  I  find  examples  of  the  species  in  sections  from  the  whole  of  the 
layers  A,  B,  C.  In  the  finely  sifted  debris  of  the  middle  and  top 
bands,  mounted  as  transparencies  of  course,  I  also  met  with  small 
examples.  At  Speeton,  in  sections  of  the  chalk  which  overlie  the 
Red  Bed,  and  also  at  Hunstanton,  the  G,  buUoides,  as  well  as  the 
next  species,  are  common. 

Horizons :  Red  Chalk,  Hunstanton  and  Speeton  ;  White  (or 
grey)  Chalk  over  Red  Chalk,  Hunstanton  and  Speeton  ;  Cambridge 
Greensand  (Phosphate  Beds). 

7.  Globigerina  cretacea,  d'Orb. 

Found  under  similar  circumstances  as  No.  6. 
Horizons  :  Same  as  No.  6. 

8.  Plauorbulina  ammonoidcs,  Rss. 

Rare  otherwise  than  in  sections  of  Red  Chalk. 
Horizons :    Red    Chalk,    Speeton    and    Hunstiuton ;    Camb. 
Greensand. 

9.  Rotalia  Beccarii,  Linn. 

I  believe  that  this  species  has  only  once  before  been  fuuuJ  iu 
the  Chalk,  by  Mr.  Joseph  Wright.  Mr.  Sherboni  says  '*The  Botulk 
Beccarii  is  most  important,  and  as  far  as  I  can  see  una.ssailable"' 

Horizon  :  Red  Chalk  Hunstanton,  Top  Band  A. 


Only  on  the  day  before  the  presentation  of  my  paper  U\  the 
Yorkshire  Geological  Society   (Nov.   4th,    1890),    I   received  from 
Mr.  C .  D.  Sherboni,  a  copy  of  his  elaborate  paper  on  the  Forami- 
nifera  of  the  Red  Chalk  of  Yorkshire,  Norfolk,  and  Lincolnshire.T 
This  is  a  valuable  contribution  to  the  literature  of  the  Foraminifera, 
especially  so  on  account  of  the  four  plates  of  illustrations  of  the 
species  described.     My  own  work,  however,  as  given  above,  was  pre- 
pared altogether  independently  of  the  knowledge  that  other  authors 

*  The  slide  containing  nearly  aU  the  species  of  Foraminifera  and  Ento- 
mostraca  described  or  referred  to  above  has  been  given  to  the  Brit.  Moseam 
(S.  Kensington),  and  many  of  the  Foraminifera  described  by  Mr.  Sherbom  are, 
I  believe,  also  placed  in  the  Museum. 

t  By  H.  W.  Burrows,  C  Davies  Sherbom,  and  the  Rev.  George  BaUey. 
Journal  of  the  Royal  Microscopic  Soc.  (1890),  pp.  649-560. 
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were  working  on  the  group.  After  the  publication  of  the  paper 
referred  to  below,  I  sent  the  dry  mounted  slides  to  Mr.  Sherbom  for 
examination,  so  as  to  prevent  misinterpretation  of  species  on  my 
part,  consequently  I  have  altered  two  names  in  deference  to  his 
authority.  I  have  ako  obtained  Mr.  Sherborn's  sanction  t4i  publish 
the  very  full  list  of  Red  Chalk  Foraminifera  found  in  Yorkshire, 
Lincolnshire,  and  Norfolk,  which  is  the  result  of  several  years  labour 
on  the  group  by  the  author's  whose  names  are  associated  with  his  on 
the  title  page  of  the  paper.  For  special  details  the  student  is 
referred  to  the  paper  itself     I  believe  a  second  paper  is  in  hand. 

Full  lists,  up  to  date  Nov.  10th,  1890,  of  the  Foraminifera, 
Entroniostraca  and  Polyzoa  of  the  Red  Chalk  of  Norfolk,  Lincoln- 
shire, and  Yorkshire  (Speeton). 

L — Foraminifera. 
1826.  Spiroloculina,  d*Orbigny. 

pap}Tacea  sp.  nov.  (B.  S.  and  Bailey), 
tenuis,  Crjzek  (and  Brady). 
1858.  Miliolina,  Williamson. 

„         sp.  (Young  forms  of  *V.  tenuis'?  Sherb.,  op.  cit., 
p.  552). 
1840.  Placopsilina,  d'Orb.  f fixed  Lituola). 

,,        cenomana,  d'Orb. 
1854.  Comuspira,  Schultze. 

„        cretacea,  Reuss. 
1861.  Ammodiscus,  Reuss. 

„        gordialis,  Jones  and  Parker  (  =  Trochamini  id.). 
„         incertus,  d'Orb.  ( =  OpercuUna). 

„        tenuis,  Brady. 
1824.  Textularia,  Defrance. 

attenuata,  Reuss. 
pygmoaa,  Reuss. 
n        agglutiuans,  d'rOb. 
gramen,  d'Orb. 
trochus,  d'Orb. 
turris,  d'Orb. 
complanata,  Reuss  (=  Proropqrus  id.). 
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1840.  Vemeuiliim,  d'Orlilgny. 

,{        i»«pin(iua,  Bndy. 
„        triquetra  (Mflnst). 
1844.  Spiroplecta,  Ehrenbeig. 

„        biformis,  Parker  and  Jones. 
1840.  Gsudryina,  d'Orbigny. 

„        pupoides,  d  Orb. 
1826.  Bnlimina,  d'Orbigny. 

„        affinu,  d'Orb. 
„        Presli,  ReuBs. 
1839.  Bolirina,  d'Orbigny. 

„        textularioides,  Reuss. 
„        Bejnichi,  Reuss. 
„        sp.  (near  B.  punctata,  d'Orb.) 
1859.  Pleurostomella,  Reuss. 

,,        siibnodosa,  Reuss. 
„        altcmans,  Scliwager. 
1784.  Lngena,  Walker  and  Boys. 
fflobosa  (Mont). 
,,        Irevis  (Mont). 

apiculata,  Reusa. 

,,     var.  emacifttft,  lieus.s. 
„        cincta  Seguenza. 
181G,  Nodasaria  Lamarck.  =  (182G)  Glandulinn,  d'Orb. 
licvigata,  d'Orb. 
obtuaissima,  Reuss. 
,,        cyliiidracea,  Reiis-i. 
,,        candela,  Egger. 
simples,  Silvestri. 
loiigiscatft,  d'Orh. 
c^laniorpha,  Reuss. 
.,         limbata,  d'Orb. 
obscura.  Reuss. 
„        prismatica,  Reuss. 
1826.  Dentalina,  d'Orb.  (Nodosaria  continued,  Sherborn) 
„        soluta,  Reuss. 
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6.  Dentalina  communis,  d'Orb. 
„        brevis,  d'Orb. 
„        filifonnis,  d'Orb. 

marginuloides,  Reuss. 
mucronata,  Neugeboren. 
abnormis,  Reuss.  \: 

6.  Marginnlina,  d'Orbigny. 

glabra,  d'Orb. 
inequalis,  Reuss. 
variabilis,  Neugeb. 
6.  Lingulina,  d'Orbiguy. 

„        carinata,  d'Orb. 
4.  Prondicularia,  Defrance. 

biformis,  Marsson 
gaultina,  Reuss. 
Archiaciana,  d'Orb. 
iO    Rhabdogoniam,  Reuss. 

,,         tricarinatum  (d'Orb). 
f6.  Vaginulina,  d'Orbigny. 

„        eurynota,  Reuss. 
„        recta,  Reuss. 
„        arguta,  Rss. 
„        legumen,  Rss. 
6.  Cristellaria,  Lamarck. 

rotulata,  Iiam. 
cultrata,  Montf. 
gibba,  d'Orb. 
italica,  Defr. 
lata,  Rss. 
variabilis,  Rss. 
multiseptata,  Rss. 
crepidula  (F.  and  M). 
Marckii,  Rss 
cymboides,  d'Orb. 
?6.  Polymorphina,  d'Orbigny. 

lactea  (Walker  and  Jacob). 
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1836.  Polymorphina  oommnnis,  d'Oilx. 

„        amTgdaloideB,  Bat. 

„       gjbba,d'0rb. 

„        hoirida,  Bn. 
1875.  RMnnliia,  BnpMt  Joaea. 

„       acalesta,  d'Oib. 
1836.  Globigerins,  d'Orbignf. 

„       bnlloidee,  d'Orb. 

„        cretaoeai,  d'Oib. 
1816.  Rotalia,  Luuiok.  (Rotalin^  Iduw,  1767). 

„       Beoourii  (Liniie). 
1889.  Orbnlina,  d'Orlngny. 

„       imiTena,  d'Oib. 
1826.  Sphceioidina,  d'Orbigay. 

„        bulloidee,  d'Orb. 
1826.  Truncatulina,  d'Orbigny. 

„        variabilis,  d'Orb. 
1826.  PlanorbuHna,  d'Orbigny. 


1862.  Pitlvinuliiia,  Parker  and  Jooes. 

menardii,  d'Orb. 
1826.  Auomalina,  d'Orbigny. 

„        groBse-rugosa,  Gumbel. 
1822.  Polystomella,  Lamarck. 

inacella  (F.  and  M). 

II.       &NTOH08TBACA. 

1844.  Bairdia,  M'Ooy. 

„        subdeltoidea,  Mtinster. 

,,        Hamsiana  Jones. 
1849.  Cythereia,  Jones. 

„        auriculata,  Gorauel. 

„        Lonadaleiana,  Jones, 
1849.  Oytherella,  Jones. 

„        oTata,  Hccmer. 

„        Mnensteri,  Rtemer. 
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III.    PoLYZOA,  {==Br^oeoa.) 


§  Cyglostomata,  Busk. 

Stomatopora  gracilis,  Edw.  var.  delicatula,  Vine. 

divaricata,  Roemer. 

granulata,  Edwards. 

„    var.  incrassata,  d*Orb. 

ramea,  BlainviUe. 

longiscata,  d'Orb. 

,,  linearis,  d'Orb. 

Proboscina  angustata,  d*Orb. 

rugosa  (?)  d'Orb. 

irregularis,  Vine. 
.,    Var.  A.,  Vine. 

uberrima.  Vine. 

gracilis,  Reuss.     Var.  Reussii,  Vine. 

subelegans  (d'Orb.)  Pergens. 

hunstantonensis.  Vine, 
var.  ampliata,  Vine. 

Jessoni,  Vine. 

bohemica,  Novdk.  Var. 

Toucasiana,  d'Orb. 

ramosa,  d*Orb.,  Hunst.  &  Yorksh. 

dilatata,  d'Orb.        ., 
,.  „     cantabrigiensis,  Vine. 

Diastopora  hunstantonensis.  Vine. 

Var.  A. 
Var.  contracta,  Seeley. 

regularis,  d*Orb. 

fecunda,  Vine. 

radians,  Nov^k.  Var. 

papillosa?  Reuss. 

Jessoni,  Vine. 

sulcata,  Seeley. 
Unitubigera  papyracea,  d'Orb. 
Entalophora  proboscidea  ?  Edw. 
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Geriopom  microppn,  Goldt 
Reptomnlticava  collis,  d'Orb. 

„  mmplez,  d'Orbw 

„  mamillit,  Banaa. 

„  &VI18,  Seeley. 

Zonopora  irreffolaris,  d'Oib. 

„      variabilis,  d'Orb. 
Uultdcrescis  Taiiabilis,  d'Orb. 
Heterapora  tenera,  Hag. 
Liohenopora  coUis,  d  Orb. 


$f  CHsiLoaioiiATA,  Busk. 
Hembnnipom  gaulttna.  Vine. 
„  (ra^liB,  d'Orb. 

„  elliptica.  Hag- 

„  obliqua,  d'Orb. 

Hippothoa?  simples,  d'Orb. 
COHErOENDA. — Further  Notes  on  the  Polyzoa  of  the  Cambriii 
Greensand.     Proc.  Yorksh,   Geol.  and  Polyt.  Soc.,  vol.  xi.,  pt 
pp.  250-275. 
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-^  ON  THE  LARGER  BOULDERS  OF  FLAMBOROUQH  HEAD  AND  OTHER  PARTS 
OF  THE  YORKSHIRE  COAST.      PART  IV.  f      BY  G.  W.  LAMPLUGH. 

My  investigation  of  the  boulders  of  Flamborough  Head,  begun 
in  1887,  has  now  been  continued  on  that  part  of  the  shore  which  lies 
between  the  South  Sea  Landing  and  the  extremity  of  the  headland. 

I  do  not  know  of  any  other  part  of  the  Yorkshire  Coast  where 
erratic  blocks  are  so  numerous  as  they  are  on  the  beach  for  the  last 
half-mile  on  the  south  side  of  the  promontory.  The  total  number 
within  this  space  cannot  be  less  than  four  thousand,  and  they  lie  so 
closely  that  for  some  distance  it  is  possible  to  step  from  one  to 
another. 

Some  are  of  large  size  (see  examples  in  Appendix),  and  the 
average  diameter  is  probably  about  two  feet.  They  seem  to  have 
been  derived  chiefly  from  a  coarse  morainic  gravel  which  partly  fills 
a  buried  pre-glacial  chalk  valley  in  the  adjoining  cliflF,  but  their 
retention  and  accumulation  at  this  place  is  no  doubt  owing  to  its 
being  sheltered  from  the  heavy  northerly  gales  which  break  with 
terrific  force  on  the  other  side  of  the  promontory,  while  here  the  sea 
rarely  runs  high  enough  to  shift  blocks  so  heavy  as  these. 

I  estimate  that  the  total  number  of  erratic  blocks  over  one  foot 
in  diameter  lying  on  the  shore  between  South  Sea  Landing  and  the 
Lighthouse  must  exceed  six  thousand,  and  to  this  number  about 
another  thousand  must  be  added  if  those  are  included  which  have 
been  collected  and  heaped  up  to  form  a  rude  break-water  at  the 
South  Landing.  It  would  scarcely  be  profitable  to  catalogue  so 
large  a  number  as  this  even  if  it  were  possible,  and  I  have  there- 
fore contented  myself  with  examining  eight  hundred,  chosen  in 
different  parts  of  the  area,  while  of  the  rest  I  made  a  cursory 
survey  which  showed  me  that  there  is  very  little  variation  in  the 
proportion  of  the  various  rocks  among  them,  and  therefore  that,  for 

*  An  abstract  of  this  paper  was  read  at  the  Leeds  meeting  of  the  British 
Association. 

f  See  Proo.  Torksh.  Gkol.  and  Polyteo.  Soc,  vol.  ix.,  pt.  iii.,  p.  SS9,  for  part  i., 
and  Tol.  xi.,  pt.  ii.,  p.  231,  for  parts  ii.  and  iii.  of  this  paper. 
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pnipofles  of  compariBOD,  tl»  peroentages  yielded  by  ibe  tagbt  hniidnd 
mi^t  be'saft^y  accepted  for  tiie  whole  namber. 

My  own  classifioatiini  of  ti»  rocfa,  being  bsnd  only  odib 
ezamiiuUion  in  the  fiekl,  »  rough  and  aoaatis&ntotjr  when  4» 
igneoas  blocks  are  concerned.  But  fortunately,  tliron^  the  kind 
co-operation  of  Mr.  A.  Hariier,  it  bas  been  poasiUe  to  add  a  detailed 
statement  of  the  petrological  chancten  of  a  selection  of  the  inat 
interesting  boulden,  witb  anggestire  notes  u  to  Aeir  probable  origiiL 
In  most  of  these  cases  slices  have  been  cut,  and  Mr.  HaAer  hu 
examined  tiko  specimens  microscopically.  The  details  of  hia  woil  ii 
l»inted  separately  at  the  end  of  this  p^ier,  and  will,  I  thtn^  bt 
found  the  most  exact  and  importuit  contribution  iriiich  has  yet  \tm 
made  to  the  petrology  of  these  emtios. 

The  conqmsiUoQ  of  the  eight  hnndred  bouldeis  is  shown  in  die 
following  table,   the    system   of   classificatioQ  being  tiiat  adopted 
ID  my  former  papers  : — 
Table  6. — 800  BootDEiis  ok  thk  mioRK  bstwbes  south  ska 

LAMDINQ   AND  THE    HXrUBMITr   OF   FLAUBOROUSK  KKAD. 

Bonldera.  Per  eentuin. 

189  Carbouiferous  Limeatxjiie  ...  ..  =23  6 

166  Sandstone  and  Grit,  probably  nearly  iill  Carboni- 
ferous*   ...  ...  ...  ■■■  =  20'8 

4  Limestone,  origin  donbtful,  probably  Magnesiau  =    0'5 

12  Pebbly  Quiirtzite  and  conglomerate  (PalffiOEoic)  i 

1  Coarse  Breccia  (Palecozoic)         ...  .  .  >=     18 

1  Clay-slate  (Palreozoic)  ...  ...  ) 

10  Liassic  and  nodular  Limestone,  (Secondary)  ^     I'3 

248  Fine-graiued  dark  Basalt  ...  ...  ; 

KL  Coarse-grained  dark  Basalt        ...  ...  >^  437 

21  Grey  doleritic  Basalt  ■-  ...  .  .  ' 

22  Porphyritic  Felstone,  &c.  ...  .-  =  27 
30  Granite,  Syenite,  &c.,  (including 4 of  Sliap Gi-amte)=  38 
15  Gneiss  and  Mica-schist               ...             ...  =     rs 

800  100-3 

■  H J  reaaotu  for  mppoBuig  the  mBJorit;  of  the  donbtful  SaudatouM  to  lie 
Cuboniferona  «re  rtated  In  Put  i.,  twpra  eii.,  p.  811. 
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Ill  this,  ius  in  my  previous  Flamborough  lists,  the  cliief  feature 
is  the  great  scarcity  of  Secondary  boulders  of  the  requisite  size,  and 
the  high  proportion  of  blocks  demonstrably  from  the  Carboniferous 
system.  It  is  necessary  to  point  out,  however,  that  though  as  a  rule 
the  drift  here  contains  no  chalk,  yet  in  the  morainic  gravel  ahready 
mentioned,  and  also  in  the  lowest  bed  of  boulder  clay  in  one  or  two 
places,  there  are  numerous  partially-rounded  blocks  of  hard  chalk, 
evidently  derived  from  the  immediate  neighbourhood,  which,  though 
they  are  truly  boulders,  cannot  be  distinguished  on  the  shore  from 
blocks  derived  directly  from  the  solid  chalk,  and  are  therefore 
passed  without  record. 

In  reckoning  the  proportion  of  Carboniferous  rocks,  it  must  be 
remembered  that,  besides  the  Limestones  and  Sandstones,  the  greater 
portion  of  the  Basalts  also,  which  are  usually  the  most  numerous  of 
all  the  boulders,  have  probably  had  their  source  in  the  sills  and 
dykes  of  that  system.  Mr.  Harker's  microscopic  examination  has 
demonstrated  that  the  *'  Whin  Sill "  in  particular  has  been  freely 
laid  under  contribution.  With  the  Basalts  added,  the  proportion  of 
Carboniferous  rocks  rises  to  between  80  and  90  per  cent,  of  the 
whole,  a  result  which  is  sufficiently  remarkable  when  we  consider 
the  distance  of  Flamborough  Head  from  the  nearest  borders  of  the 
system. 

The  great  relative  abundance  of  the  Basalts  is  obviously  owing 
to  the  superior  durability  of  this  rock,  and  to  the  character  of  its 
jointage  which  favours  the  production  of  massive  loose  blocks. 

In  the  last  paper  of  this  series  I  compared  the  Flamborough 
Head  boulders  with  the  erratics  of  the  Holdemess  coast,  as  illustrated 
by  a  list  of  five  hundred  compiled  on  the  beach  near  Withemsea. 
The  comparison  yielded  many  features  of  interest,  and  I  have  there- 
fore continued  this  line  of  investigation,  and  have  made  similar  lists 
at  various  places  both  north  and  south  of  the  headland. 

These  lists  are  condensed  in  the  following  tables.  It  must  be 
remembered  that  in  each  case  I  have  reckoned  only  those  boulders 
which  are  over  one  foot  in  diameter.  My  plan  of  working  has  been 
to  start  from  a  given  point,  and  catalogue  in  order  every  erratic  I 
could  find  which  was  of  the  requisite  size,  until  a  list  of  the  desire^ 
length  was  obtained. 
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In  the  i^pendiz  will  be  found  detailed  notes  of  some  of  tiie 
Flamborongh  Head  boulders  which  deserve  especial  notice  &&a 
because  of  their  large  size  or  peculiar  composition,  or  because  thor 
petrological  character  has  been  ioTestigated  by  Mr.  Hadker  and  k 
described  in  his  notes. 

HORNSRA. 

The  following  list  was  compiled  in  the  diffs  of  bouUer-day 
immediately  north  of  Hornsea.  This  part  of  tiie  coast  is  systemati- 
cally overhauled  by  the  collectors  of  "  road  metal/'  who  even  dig 
out  the  harder  boulders  firom  tiie  cliff-fekce ;  and  I  suspect  that  the 
excessive  number  of  sandstones  and  tiie  lowered  proportion  of  the 
basalts  in  this  as  compared  with  the  Withemsea  Iist»  may  be  owiog 
to  tiie  selective  agen(^  of  the  cartmen. 

Table  7.— 100  boulders  ts  the  cliff  north  of  horhska. 

Per  cent. 

17  Carboniferous  Limestone 

45  Sandstone  and  Orit ;  probably  mostly  Carboniferous 

18  Chalk  (including  one  block  of  Red  Chalk) 
4  Jurassic  Limestone  and  Septaria 

10  Fine-grained  Basalt 

2  Coarse-grained  Basalt 

2  Porphjrritic  Pelstone 

2  Oranite 
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In  this,  as  in  the  Withernsea  list,  the  chief  diflference  from  the 
proportions  which  obtain  at  Flamborough  is  in  the  Secondary  rocks. 
With  regard  to  these,  chalk  boulders  are  far  more  numerous  than  at 
Tunstall  (Withernsea),  but  this  chalk  seems  rarely  to  have  been 
derived  from  the  Yorkshire  beds,  the  flints  in  it  being  usually  black 
or  pink,  and  not  gray. 

The  Septarian  nodules  are  probably  from  the  Kimeridge  clay ; 
and  other  evidence  of  the  extensive  degradation  of  this  formation 
is  furnished  by  some  of  the  gravels  interstratified  with  the  boulder 
clays  in  Holdemess,  in  which  flat  fragments  of  the  bituminous  shale 
of  the  Upper  Kimeridge  are  of  frequent  occurrence,  often  accompanied 
also  by  rolled  fragments  of  Belemnites  from  the  Speeton  clay. 
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Filey. 

The  next  catalogue  to  which  I  shall  draw  attention  carries  us  to 
the  other,  the  northern,  side  of  Flambro',  and  here  also  the  proportion 
of  the  Secondary  rocks  is  far  higher  than  on  the  headland,  but  as 
the  following  lists  will  show,  the  composition  of  these  Secondaries  is 
altogether  diflFerent  from  what  it  is  in  Holdemess. 

The  list  given  below  was  compiled  in  the  cliffs  of  boulder  clay 
which  overlie  the  Oolite  near  Filey  Brigg.  The  boulders  were  chiefly 
in  the  lower  boulder  clay. 

Table  8.— 100  boulders  in  the  cliff  above  filey  brigo. 

Per  cent. 
9  Carboniferous  Limestone. 
15  Sandstone,  probably  Carboniferous. 
2  Magnesian  Limestone. 
2  Clay-slate  (Palaeozoic). 

25  Sandstone,  probably  Jurassic. 

26  Oolitic  and  Liassic  Limestone. 
19  Basaltic  rocks. 

2  Granite. 


100 


The  Secondary  Limestones  of  this  list  consisted  chiefly  of  blocks 
of  the  hard  Coralline  Oolite  which  in  this  locality  forms  the  bed-rock 
for  the  drifts.  The  blocks  may  have  been  torn  from  the  edge  of  the 
ridge  when  that  extended,  before  the  encroachment  of  the  sea,  for  a 
few  hundred  yards  further  to  the  northward,  and  as  the  strata  rise 
steadily  in  that  direction  the  parent-rock  was  probably  above  the 
present  level  of  the  boulders. 

I  found  recently  on  the  rocky  floor  beneath  the  drifts  at  this 
place  a  most  interesting  feature,  which  so  far  as  I  know  is  not  to 
be  seen  elsewhere  on  the  Yorkshire  coast.  The  oolitic  platform  is 
for  some  distance  beautifully  scored  and  polished  by  glacial  striations ; 
and  from  these  markings  we  learn  that  the  ice  which  scored 
the  rock  came  from  N.  20  E.,  in  which  direction  there  is  now  only  the 
open  sea. 
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The  next  plue  at  which  I  have  ooimted  dte  bonldon  i> 
in  Oayton  Bay,  fonr  miles  fdrUier  norUi,  where  the  drifts  lie 
tUckly  in  an  ancient  valley.  The  Uocks  examined  were  scattend 
over  the  hee  of  the  cliff,  and  had  been  chiefly  derived  from  the  lom 
day. 

Table  9.-100  boitldsbs  ih  tbb  qutt  ih  oaitqb  bat. 
Per  oent. 
14  Garboniferotis  Limestone. 

25  Swidstone  ud  Qrit,  |irobaUy  mo8%  CarboniferosB. 
16  Jurassic  Sandstone. 
18  Liasmc  Limestone  and  Shal& 

6  Oolitic  Limestone. 
18  Basaltic  rocks. 

3  Metamorphic  rocks. 

100 

Id  this  instance  although  the  drifts  rest  on  Middle  Oolite! 
(Oxford  Clay  and  Kelloway  Rock)  yet  the  Secondary  Limestones 
have  been  mainly  derived  from  the  Lias ;  and  the  list  differs  in  this 
respect  from  that  of  FiLey  Brigg,  though  otherwise  they  present  tlie 
same  general  features. 

Among  the  hutKlred  blocks  examined  it  chanced  that  there  was 
no  granite,  but  granite  is  by  no  means  absent,  and  would  certaiul; 
have  shown  itself  in  a  longer  list. 

Robin  Hood's  Bav. 
My  iie.vt  station  for  examining  the  boulders  was  in  Robin  Hood's 
Bay.  One  hundred  blocks  were  counted  in  tlie  high  cliffs  of  drift 
near  the  town,  and  a  second  hundred  were  afterwards  examined  oa 
the  beach,  but  though  these  lattfir  yielded  confirmatory  results,  there 
was  so  much  uncertainty  in  distinguishing  between  true  erratics  and 
boulders  of  rock  detached  from  the  neighbouring  cliffs  that  I  have 
not  considered  it  advinble  to  include  them  in  the  lists.  These 
boulders  were  chiefly  in  the  lower  clay. 
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Table  10.     100  boulders  in  the  cliff  near  robin  hood's  bat. 

Per  cent 
10  Carboniferous  Limestone. 

28  Sandstone,  probably  Carboniferous. 

2  Limestone,  probably  Magnesian. 

1  "  Brockram  "-conglomerate  (Permian). 

48  Jurassic  Limestone,  Sandstone,  and  Shale. 

7  Basaltic  rocks. 

1  Porphyritic  Pelstone. 

2  Granite  (one  from  Shap  Fell). 
1  Gneiss. 


100 


Whitby. 


The  list  which  follows  was  compiled  in  the  cliflF  at  Upgang,  near 
Whitby,  about  seven  miles  north  of  the  last  station. 

Here  once  more  we  find  that  the  drifts  have  accumulated  to  a 
great  depth  in  a  pre-glacial  trough,  and  the  coast  is  edged  with  high 
cliflFs  of  boulder  clay. 

Two  hundred  boulders  were  catalogued,  the  greater  number 
occurring  in  the  lower  Boulder-clay ;  and,  as  usual,  the  local  rocks 
were  almost  entirely  confined  to  this  division. 

TaBLK    11. — 200  boulders  in   the  cliff   near  WHITBY. 

Per  oentnm. 
53  Carboniferous  Limestone  ... 

36  Sandstone  and  Grit,  probably  Carboniferous 

6  Magnesian  Limestone 

1  "  Brockram  "-Conglomerate 

21  Sandstone  ;  doubtful,  but  possibly  Jurassic 

50  Liassic  Limestone,  and  Shale 

31  Basaltic  rocks    ... 

1  Porphyritic  Pelstone 

1  Brecciated  flinty  rock 
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The  Secondary  rocks  in  this  table  included  numerous  masses  of 
the  hard  "  Jet-rock  '*   hale  (Upper  Lias),  besides  fragments  of  Middle 
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and  Lower  Lias  limestone.  Hagnenao  Limestone  is  decidedly  num 
plentiful  in  the  drift  of  this  locality  than  further  eonth,  bnt  usiullj 
in  fragments  too  small  to  pass  into  my  list  As  in  Table  No.  9,  iiue 
granites  chance  to  be  absent  though  by  no  means  rare  in  the  localttr- 
The  cunons  flinty  rock  recorded  last  in  the  list  is  of  a  type  ran  in 
our  drifts.  It  has  been  examined  by  Mr.  Harker,  and  fiirtba 
particulars  respecting  it  are  given  in  Mr.  Harker'a  notes. 

SUHHABT   AND   NoTES. 

Combining,  now,  for  the  purposes  of  comparison,  all  the  abore 
records  and  also  those  given  intiie  previous  parts  of  mypiqier,  it  will 
be  found  that  tlie  whole  may  be  condensed  into  a  table  which  will 
show  at  a  glance  the  proportion  of  the  various  rocks  at  the  diffoent 
localities,  as  follows : — 

Table  12.    cohpaeatite  BUMUA&r  of  tqb  FOREooiHa  lists. 


ill  bP  up   |i 


Caibonlf eiDDB  Li  meetoae  (indnd  - 
ing  also  a  fewobher  Palsoioio 
Sedimeutatj  Bockx) 

SandBtones.  Orit,  CoDglomerate. 
4c.  (probably  nil,  or  uaatly  all.i 
Irom  CarbooiferODB  or  other! 
PalnoEoic  Hacks)        


BaaalUcandotheiEniptiTeRockH  37*3 
6tamt«,  Sdiiit-,  GueiBe.  Jcc  i     3i 


,  !«)■   I  lOO-   I  100'  '  100- 


This  suniraarj'  shows  that  in  -spite  of  Iwnl  differences  t 
fiitidamentAl  ii>,Teeiuent  amon^  the  lists. 
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The  proportion  of  far-travelled  igneous  and  metamorphic  rocks 
remains  always  low,  its  maximum  barely  exceeding  5  per  cent.,  and 
yet  it  is  a  quantity  which  is  never  absent. 

Respecting  these  rocks,  Mr.  Barker's  notes  indicate  that 
no  inconsiderable  number  of  those  found  at  Plamborough  (and 
presumably,  therefore,  elsewhere  also)  may  have  come  from  Scandi- 
navia, while  others  have  been  furnished  by  the  northern  and  eastern 
parts  of  the  English  Lake  district,  and  others  again  by  the  Cheviot 
Hills  and  the  southern  part  of  Scotland. 

The  proportion  of  blocks  from  the  Carboniferous  system  is,  on 
the  other  hand,  always  high.  And  when,  in  addition  to  the  rocks 
which  can  be  recognized  at  a  glance  as  Carboniferous,  the  basalts* 
from  the  same  system  are  considered,  the  proportion  from  that  system 
in  almost  every  case  outnimibers,  and  generally  greatly  outnumbers, 
all  the  other  rocks  combined. 

With  the  definite  and  well-known  trail  of  the  Shap  granite  and 
Brockram  erratics  to  guide  us,  we  need  feel  no  uncertainty  as  to  the 
quarter  whence  these  Carboniferous  rocks  have  been  derived.  It 
is  clearly  the  elevated  region  lying  to  the  north-westward,  eighty  or 
a  hundred  miles  away,  which  has  been  the  main  contributor,  and  the 
route  must  in  most,  if  not  in  all  cases,  have  been  down  Teesdale,  and 
thence  south-eastward  along  the  coast. 

It  is  the  Secondary  rocks  which  form  the  unstable  factor  of  the 
lists,  both  in  proportion  and  in  composition.  In  fact,  were  these 
Secondaries  eliminated,  the  other  diflFerences  would  become  very  slight 
indeed.  From  the  distribution  of  these  rocks  we  gather  the  same 
lesson  as  from  the  study  of  the  route  taken  by  the  Carboniferous 
rocks,  that  the  Eastern  Moorlands  and  the  Wolds  were  not  entirely 
overridden  by  the  great  ice-sheet,  but  that  they  formed  a  buttress 
upon  which  that  mighty  stream  impinged. 

The  striking  low  percentage  of  Secondary  rocks  on  Flamborough 
Head  demands  explanation ;  though  perhaps,  as  already  remarked, 
this  inequality  may  be  somewhat  exaggerated  in  my  tables  by  the 
omission  of  a  few  loose  blocks  of  chaJk.  But  when  the  general 
character  of  the  ice-movement  from  the  seaward  is  taken  into  con- 
sideration, in  conjunction  with  the  fact  of  the  considerable  eastward 


S  OF  nAKBOSODOB    SMU*. 

protromonofflieiKUiKRitDtT'r  (he  pan^ari^  is  n«di^  mqiKMlile, 
HowBTeras  I  have  »  pRpn- in  prapmticn  irlkffriii  the  drifts  of  tfa« 

headland  are  to  be  fiiUy  described,  it  wiB  periu^  be  Hum  ootneoint 
to  defer  for  tite  ivesent  fdrtlter  disoosnoD  of  the  theoretical  betting 
of  the  fiMJts  no«  recorded. 

With  ngatd  to  the  question  as  to  bow  &r  tiiese  larger  boaMen 
are  rdiable  as  gnidee  to  the  origin  and  piuptation  of  tiie  atoosi  in 
the  dr^,  1  gave  in  a  fonner  paper*  my  reasons  fat  prefening  thn 
to  the  smaller  pebbles  as  eridenoe  of  ioe-morement  I  ban  homm 
oonunenoed  an  inTeetigation,  complementaiy  to  the  present  woil,  ti 
die  smaller  pebbles  onfy,  and  hope  at  some  fbtue  time  to  wb 
^own  the  result  So  br  as  1  have  gone  tha  proportions  d  the 
smaller  pebbles  agree  more  closely  with  tiioee  of  the  krger  bonldHi 
than  I  had  expected,  the  chief  difference  being  that  hard  eiystalliQe 
rocks,  especially  Tcin-qaarti,  are  more  abundant  among  the  pdiblea. 


Appendix  to  Part  IV. 

aOUB  OF  THE  MORE  IMPORTANT  BOULDERS  BETWEEN  SOUTH  SBA  LAHDUJQ 
AND  HiaU  STACKS,  FLAHBOROUOH. 

Thepr^ed  number  indicates  the  ordintU  potition  of  t/te  bouider 
m  the  original  full  list.  All  dimensions  are  in  inches.  The  sign  * 
indicates  that  it  has  been  impossible  to  obtain  theJuU  measuremenl. 
The  asterisk  *  denotes  that  there  is  a  petrological  description  of  tk 
boulder  in  Mr.  Harker'g  notes. 
So. 

*1.  Position:  On  the  beach  near  Old  Falls,     Description:  Fine- 
grained Basalt    Size  and  shape :  Oblong,  flat  sides.   54  ■  36 
X  30  inches. 
*ld.  Opposite  Limekiln.    Coarse  greenish  Dolerite.    Oval,  rounded 

14  X  8  X  4  inches. 
*21.  Near  same  place.  ForphyriticI>oleriteor"Augite-porphyTit&" 
Size  and  shape  similar  to  No.  15. 
I'roc.  Yoiklh.  Oeol.  and  Pulj^.  Soo..  to),  zi.,  pL  It.,  p.  233. 
'  TheM  UnM  tire  (akui  trom  Mr.  Hu'kei'i  noMa. 
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'*'25.  Fifteen  yards  east  of  No.  1.   Grey  Saussurite-gabbro.    Flattish 

disc.     18  X  14  X  8  inches. 
*33.  Near  same  place.      Black  Hornblende-biotite,  gneiss.     OvaL 

28  X  14  X  9  inches. 
47.  On  the  "  Scaurs,"  among  the  seaweed  near  Old  Palls.   Pine- 
grained  Basalt.     Rude  cube.     44  x  40  x  28  inches. 
*54.  Just  beyond  Old  Palls.     "  Whin-sill  of  Teesdale  "  (Dolerite). 

Angular  slab.    38  x  26  x  6  inches. 
"114.  Opposite  **  Windlass.*'     Biotite-granite.     Globular,  sea  worn. 

About  18  inches  diameter. 
127.  Near  last.  Whin-sill,  in  the  moving  beach.    18x8x6  inches. 
*134.  Slightly  east  of  **  Windlass."     Porphyrite,  with  pink  crystals.' 

Rudely  oblong.     30  x  24  x  24  inches. 
''"'146.  Near  same  place.     Dark  dolerite,  much  decomposed.     Rhom- 
boid :  subangular.     24  x  18  x  18  inches. 
*158.  Purther  east.     Coarse  Biotite-granite.    Oval.     30  x  24  x  — 

inches. 
*167.  Close  to  158.     "Whin-sill."     Rectangular  slab.     14  x  6  x  4 

inches. 
♦174.  Between  Windlass  and  Cattlemere,  twenty  yards  from  the  cliflF. 

Andesitic-lava.     Rounded  oblong.     18  x  14  x  10  inches. 
*202.  West  of  Cattlemere,  near  the  cliff.     Andesitic-lava.    Shape 

and  size  similar  to  No.  174. 
*214.  Near  same  place.    Whin-sill  (greyish  Dolerite).     Subangular 

cube.     15  X  14  x  9  inches. 
*240.  Purther  east,  near  the  cliflf.     Olivine-basalt.     Oval.     24  x  12 

X  —  inches. 
*253,  Near  No.  240.     Greyish  Granite.     Subangular  cube.    24  x  18 

X  12  inches. 
*503.  In  Green  Stacks  Bay,   close  to  the   cliff.     Grey  Whin-sill. 

Globular.     24  x  24  x  —  inches. 
■'508.  Middle  of  Green  Stacks.     Coarse  brecciated  Pelspathic  grit. 

Rhomboidal ;  subangular.     44  x  42  x  22  inches. 
*  ,  /.  '^  South  side  of  Green  Stacks.    Two  large  masses  of  fine-grained 
517  r      ^^^^  Granite,  probably  originally  one  block.     36  x  30  x  20 
)      and  40  X  38  X  24  inches. 
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*'5S4.  South  oonwr  of  OreeD  Stkoks.   Whin-eOL    Rhomb.    S6  x  U 

)c  —  inches. 
*fi48.  Middle  of  Hi^  Stacks  Ba^.    An^te-syenite.    SnaSi  ^obalv 

boulder.    About  16  inohefi  diameter. 
*fi45.  Near  bigh-mter  mark  in  recess  west  of  High  Stacks.    Vkin- 

nll.    Iitegnlar  rhomb.    84  x  18  x  18  inches. 
*S47.  Close  to  No.  544.     Reddish  goeias,  with  mach  knotted  qoaite. 

Irregular  oral  with  flat  nde.    30  x  24  x  13  inches. 
*58S.  In  second  recess  wMt  of  High  Stacks.     Black  Dolerite.   fm- 

shaped  mass.  38  x  24  x  13  inches. 
l%e  aboveiaentiowd  erratiea  wen  inebid«d  in  tke  rigAt  hwnAii 
bouidon  ccUahguad,  and  ckip»  from  tiem  were  aiAmitUil  to  Mr. 
Barker  for  microgoopie  easaminatifm.  Tkoae  wAiei  foUom  ham  bem 
telectedfrom  among  the  b&ulders  not  catalogued  becaiue  iff  tkekr  lar^ 
nze,  and  as  they  have  no  ordinal  potition  in  my  list  I  have  prefixed  a 
distinguishing  letter  instead  of  a  number. 

A.  At  the  headland  east  of  South  Sea  Landing.     Greyish  Kneisi 

Rounded,  oval.     About  60  x  36  x  30  inches. 

B.  At  half-tide  level  east  of  Old  Falls.    Mountain  limestone.    Rect- 

angular cube.     65  X  48  X  40  inches. 

C.  Id  Cattlemere,   near  the  cliff.      Greyish  Hornblende-schist  (F) 

with  black  slaty  inclusions.     Triangular.     48    x    30   x  34 
inches. 

D.  At  half-tide,  east  of  Cattlemere.     Mountain  limestone.     Rect- 

angular.    60  X  36  X  20  inches. 

E.  Near  the  "  Matron  "  Pinnacle.     Shap-grantte.     Irregular  otsL 

48  X  40  X  40  inches. 

F.  Near  same  place.  Coarse  pink  granitic  rock  {not  Shap).    Qlobular. 

40  X  38  X  24  inches. 

G.  Near  Matron.     Mountain  limestone.     Rectangular,     90   x  50 

X  40  inches, 
H.  Close  by  last.     Mountain  limestone.     Rectangular.    36  x  42  x 
24  inches. 
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PETROLOQICAL  NOTES  ON  SOME  OF  THE  LARGER  BOULDERS  ON  THE  BEACH 
SOUTH  OF  FLAMBOROUQH  HEAD.      BY  ALFRED  HARKER,  M.A.,  F.Q.S. 

In  undertaking  to  examine  the  rocks  chosen  by  Mr.  Lamplugh 
from  his  large  collection  of  boulders,  my  desire  was  not  so  much  to 
form  a  general  opinion  on  the  question  of  their  probable  sources,  as 
to  identify,  among  the  numerous  boulders,  a  few  of  which  the  original 
localities  could  be  fixed  with  certainty.  This  hope  has  been  to  a  great 
extent  frustrated  by  the  discovery  that  a  large  proportion  of  those 
igneous  boulders  which  I  examined,  have,  in  all  probability,  been 
brought  from  Norway. 

The  bulk  of  the  specimens  selected  and  submitted  to  me  consist 
of  granitic,  gneissic,  and  other  crystalline  rocks,  such  as  might  have 
been  derived,  so  far  as  their  individual  characters  are  concerned, 
either  from  Scandinavia  or  from  the  Scottish  Highlands.  Among 
them  are  some  undoubted  Norwegian  rocks,  while  none  can  be 
pointed  out  as  certainly  brought  from  Scotland.  It  may  well  be, 
then,  that  the  whole  of  the  doubtfril  rocks  are  also  of  Norwegian 
origin,  and  this  is  rendered  probable  by  other  evidence  as  to  the 
movements  of  the  ice  and  the  consequent  directions  of  transport. 
Such  rocks,  however,  in  endless  variety,  cover  the  greater  part  of 
Norway,  and  although  many  of  them  have  been  described  by  Mohl, 
^»rcgger,  Reusch,  and  others,  our  data  are  far  from  sufficient  for  our 
purpose. 

Nevertheless,  I  propose  to  note  the  characters  of  one  or  two 
rocks  which  can  be  referred,  without  hesitation,  to  Norwegian 
localities,  and  a  few  specimens  illustrating  the  varied  characters  of 
the  rest,  besides  some  boulders  which  can  be  identified  as  of 
British  origin. 

In  addition  to  Mr.  Lamplugh's  numbers,  I  give  in  brackets  [  ] 
references  to  slides  in  the  cabinet  of  the  Woodwardian  Museum.  A 
few  of  these  were  prepared  from  specimens  collected  before  Mr. 
Lamplugh's  systematic  examination  of  the  ground  was  undertaken, 
and  for  these  I  am  not  able  to  give  the  corresponding  numbers  in 
his  catalogue. 
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In  some  fonner  notes  I  described  specimens  of  boulders  from 
the  Basement  Clay  at  Bridlington  Quay  and  Dimlington,  which  I 
referred  to  the  augite-syenites  of  the  neighbourhood  of  Ghristiania 
(vol  xL,  pp.  303,  304).  Further  examination  and  comparison  witli 
specimens  from  Frederiksvaam,  &c.,  [1091,  1133]  leaves  no  doubt 
of  the  correctness  of  this  determination.  Since  that  time  Mr.  J.  W. 
Stather  has  given  me  another  specimen  from  Dimlington,  which, 
though  rather  darker  in  aspect,  agrees  closely  with  the  fonner. 
showing  the  same  rather  coarsely  crystalline  aggregate  of  felspin 
and  pyroxene  with  some  flakes  of  lustrous  brown  mica.  Under  the 
microscope  [1065]  this  rock  shows  a  close  resemblance  to  [936], 
already  noticed.  The  large  crystal-plates  of  felspar  show  no 
plagioclase  lamellation,  and  only  a  very  delicate  cross-hatched 
structure  when  viewed  between  crossed  Nicols.  The  augite  showij 
a  diallagic  '*schiller  "-structure  only  inconstantly,  and  chiefly  in 
the  interior  of  the  crystals.  A  deep  brown  mica  is  present,  as 
before,  often  in  close  association  with  imperfect  crystals  of  magnetite, 
while  apatite  prisms  jire  enclosed  by  all  the  other  con.stituents. 

Among  Mr.  Lamplugh's  specimens  is  one,  No.  543,  from  the 
middle  of  High  Stacks,  of  a  moderately  coarsely  crystalline  ixx'k 
showing  large  grey  felspars,  black  pyroxene,  and   a  goldeu-bn)WTi 
mica.     A  slice  of  this  [1139]  shows  characters  very  similar  to  those 
of  the  preceding.     The  felspar,  in  broad,  irregular  crystal-plates,  i> 
almost  entirely  ortliochise,  with  no  microcliue-structure,  but  it  ha^ 
minute  opatiue  rod-like  inteipositions  disposed  in  parallel  lines.    Tlie 
pale-green  augite  has  similar  enclosures,  sometimes  densely  jn^uipeii 
and  in  two  sets  of  intersecting  lines.     Magnetite  is  rather  plentiful. 
The  brown  mica  is  either  associated  with  this,  or  iutergrowu  with  the 
margins  of  the  augite,  or  in  minute  flakes  within  the  felspar  crjstak. 
These  crystals  also  enclose  minute  apatite  needles,  often  with  parallel 
arrangement,  and  larger  apatite  prisms  occur  here  and  there  iu  the 
rock. 

Although  two  t.}^es  of  Norwegian  augite-syeuites  can  be  recog- 
nised in  the  East  Yorkshire  boulders,  we  have  not  yet  identified  any 
specimen  of  the  associated  eljeolite-syenites  from  the  same  source. 

Another  Norwegian  tyjn?  of  rock  repre-sented  in  our  collection  i> 
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that  of  the  so-called  "  saussurite-gabbros."  A  boulder  some  distance 
south  of  High  Stacks  shows  a  rather  coarsely  crystalline  admixture  of 
a  green  fibrous  amphibole  with  a  dull  white  felspathic  substance. 

Micro.  [1054]  The  slice  shows  at  once  that  we  are  dealing  with 
a  gabbro  in  which  the  pjnroxene  has  completely  passed  over  into  a 
fibrous  amphibole  of  the  kind  known  as  uralite.  This  gives  a  pale 
green  tint,  sometimes  almost  colourless.  Vibrations  nearly  parallel 
to  the  fibres  give  a  bluish  green,  those  transverse  a  paler  and  yellower 
green.  A  rather  wavy  fibrous  structure  is  common,  but  some  of  the 
cross-sections  show  the  proper  prismatic  cleavage  of  hornblende. 
Most  of  the  felspar  is  converted  into  a  clotted,  opaque  product  \rith 
abundant  secondary  quartz  ;  but  the  few  scraps  which  remain  unde- 
stroyed  show  fine  twin-lamellation  with  moderate  extinction-angles, 
and  are  probably  labradorite. 

This  rock  seems  to  be  identical  with  some  of  the  "  saussurite- 
gabbros,"  which  have  been  described  from  south-western  Norway,  and 
occur  also  in  the  north.  There  need  be  no  hesitation  in  referring  the 
boulder  to  that  country  as  its  source. 

No.  25  is,  with  little  doubt,  another  variety  of  the  same  group 
of  rocks.  It  is  a  medium-grained  crystalline  rock,  showing  plenty  of 
dark-green  hornblendes  set  in  a  light-coloured  felspathic  substance, 
evidently  much  altered. 

Micro.  [1049]  The  hornblende  is  in  section  very  pale  to  almost 
colourless.  Gross-sections  exhibit  the  usual  prismatic  cleavage-traces, 
and  some  of  the  crystals  are  twinned  on  the  usual  law.  From  the 
general  character  of  the  mineral  and  the  manner  in  which  the 
irregular  crystal  plates  penetrate  one  another,  besides  the  nature 
of  the  rock  as  a  whole,  this  hornblende  seems  to  be  almost  certainly 
the  result  of  alteration  of  the  pyroxene  in  a  rock  of  the  gabbro  family. 
Outlines  of  felspar  prisms  are  occasionally  detected,  but  there  has 
been  extensive  decomposition,  and  much  of  the  rock  consists  of 
secondary  minerals,  especially  epidote  grains  and  calcite,  with  some 
quartz.  There  is  a  fibrous,  colourless  hornblende,  usually  fringing  the 
larger  crystals  of  the  same,  but  also  occurring  in  matted  patches,  and 
clearly  of  secondary  origin.  Besides  these,  there  are  little  prisms 
with  high  refractive  index,  weak  double  refraction,  straight  extinction. 


412  HABKER  :   PETROLOOICAL   NOTES. 

and  longitudinal  cleavage-traces,  which  must  be  referred  to  zoisite 
All  these  appearances  are  such  as  are  found  in  the  ''saussurite- 
gabbros." 

Of  the  numerous  examples  of  gneissic  rocks,  only  two  or  three 
have  been  specially  noticed,  since  these  do  not  offer  much  hope  of 
precise  determination  of  their  sources.  No.  33  is  a  dark,  fine-gnuned 
rock,  which  shows  abundant  little  glistening  flakes  of  mica,  arranged 
parallel  to  a  definite  plane,  while  a  lens  enables  us  to  detect  in  addi- 
tion some  black  hornblende.  The  rock  is  a  hornblende-biotite- 
gneiss  of  fine  texture. 

Micro,  [1051]  The  slice  has  a  fresh  appearance,  showing  little 
flakes  of  brown  biotite  and  green  hornblende,  set  in  a  clear,  finely- 
crystalline  ground.  As  in  many  other  metamorpliic  rocks,  this 
granular  ground-mass  is  clear  enough  for  quartz ;  but  on  closer 
examination  many  of  the  grains  show  twinning  and  even  twiu- 
lamellation,  and  there  can  be  uo  doubt  that  much  of  the  mass  is  of 
felspar.  Some  move  or  less  clear  patches,  with  rather  granular 
structure,  seem  to  represent  felspar  crystal??,  porphyritic  in  the 
original  rock,  but  now  completely  replaced.  Ragged  cr}^stal-fn"aiu> 
of  magnetite  must,  from  their  manner  of  association  with  the 
coloured  mineral,  be  also  sec(^ndary.  The  rock  presents  an  extremely 
close  resemblance  to  some  of  the  highly  metamorphosed  volcauic 
agglomerates  in  contact  with  the  Sliap  granite  in  Westmorland, 
and  this  is  the  nearest  possible  locality  for  its  origin  ;  but  we  cannot 
exclude  the  possibility  of  the  rock  being  a  dynamo-metaiuorphic 
product  and  having  its  home  in  Norway. 

A  large  boulder  from  south  of  High  Stacks  is  a  typical  lioru- 
blende-gneiss,  showing  white  felspathic  and  dark  liornblendic  bamk 
half-an-inch  or  more  in  tliickness. 

Micro.  [1053]  The  parallel  structure  is  not  apparent  in  the 
slice.  Zircon  and  apatite  occur  as  the  earliest-formed  minerals. 
The  hornblende  is  deeply  coloured  and  highly  pleocliroic,  ^y\% 
colours  varying  from  intense  green,  almost  opaque,  to  a  rather 
yellowish  brown.  The  felspar  is  mostly  decomposed,  but  appears 
to  have  been  orthoclase.  The  quartz  is  partly  interstitial,  but 
largely  in  the  form  of  rounded  grains  enclosed  in  the  hornblende. 
It  shows  the  "  strain-shadows  "  indicative  of  mechanical  force«. 
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No.  547,  taken  near  the  Matron,  High  Stacks,  at  high-water 
mark,  is  a  gneiss  of  different  type  and  finer  texture.  It  has  no 
hornblende,  but  only  biotite,  which,  besides  an  ill-defined  parallel 
arrangement,  has  a  tendency  to  collect  in  clusters,  which  show  as 
dark  depressions  on  a  water-worn  weathered  surface.  The  pink 
felspar  of  this  rock  seems  to  be  orthoclase.  The  quartz  is  mostly 
confined  to  lenticular  streaks  following  the  general  gneissic  structure 
of  the  rock.     No.  43  is  a  grey  gneiss  of  similar  characters. 

Rocks  such  as  these  last  three  must  have  been  transported  from 
some  great  raetamorphic  region  of  gneisses  and  crystalline  schists ; 
in  this  case  almost  certain  from  Norway.  Some  of  the  granitic 
rocks,  though  not  properly  gneisses,  also  give  evideuce  of  dynamo- 
metamorphic  action. 

Of  the  many  granitic  rocks,  mostly  biotite  -  granites,  found 
among  our  Plamborough  boulders,  few,  except  the  Shap  granite, 
can  be  certainly  set  down  as  British,  and  the  majority  are  in  all 
probability  derived  from  Scandinavian  localities.  A  grey  biotite- 
granite  from  Mr.  Lamplugh's  collection,  No.  114,  exhibits  no  very 
marked  characters.  Under  the  microscope  [1150]  it  shows  crystals 
of  brown,  pleochroic  sphene,  little  prisms  of  zircon,  and  octahedra 
of  magnetite.  The  brown  mica  has  the  usual  characters ;  the  turbid 
felspars  are  a  striated  acid  plagioclase,  with  subordinate  orthoclase, 
and  occasional  veiniiig  of  the  one  by  the  other ;  while  the  quartz 
is  mostly  interstitial,  but  with  a  tendency  to  form  mosaic-like  patches. 

This  rock,  excepting  a  slight  bending  of  the  mica-flakes  and 
perhaps  the  veined  character  of  some  of  the  felspars,  has,  it  is  true, 
little  suggestive  of  mechanical  stress,  but  other  examples  are  more 
instructive.  No.  516  is  a  grey  biotite-granite  of  fine  grain,  but 
containing  some  pinkish  felspars  up  to  an  inch  in  lengtL 

Micro.  [1140]  Tliis  specimen  has  no  sphene,  but  little  acicular 
crystals  of  zircon  and  apatite,  with  octahedra  of  magnetite,  occur 
enclosed  by  the  other  constituents.  The  intensely  pleochroic  brown 
mica  has  a  slightly  oblique  extinction,  which  is  sufficient  to  show  in 
many  flakes  a  twinning  parallel  to  the  basal  plane.  The  felspar  and 
quartz  build  irregular  interlocking  plates,  and  a  portion  of  the  latter 
mineral  is  often  enclosed  within  the  former  in   numerous  rounded 
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grains.  Sometimes  a  number  of  these  litde  quartc-grains  witliin  the 
same  felspar  crystal  have  the  same  optical  orientation;  and  elsewhere 
we  find  in  the  heart  of  a  felspar  plate  a  little  round  patch  of  delicately 
branching  micropegmatite.  The  felspar  itself  shows  minute  but  rather 
shadowy  twin-striatioD.  The  cross-striation  characteristic  of  microcline 
is  very  general,  but  is  sometimes  confined  to  a  portion  of  a  ciystal, 
usually  the  interior.  The  clear  quartz  has  traces  of  minute  fluid- 
pores,  usually  without  bubbles.  It  invariably  shows  between  crossed 
Nicols  the  strong  "strain-shadows"  or  "spectral  polarisation" 
indicative  of  mechanical  forces. 

No.  253  is  a  very  fine-grained  grey  granite,  rather  weathered. 
No.  158,  of  rather  coarse  grain,  shows  lustrous  black  mica,  |nnk 
felspar,  and  greyish  glassy  quartz,  and  in  a  hand-specimen  looks  very 
like  the  rocks  described  id  my  former  notes  [942,  943].  The  only 
other  granitic  rock  sliced  is  from  a  boulder  near  the  headland  east  of 
South  Sea  Landing,  and  is  a  biotite-granite  of  moderately  coarse 
grain.  The  pink  felspars  are  often  in  good  crystals  with  Carlsbad 
twinning;  the  dark  mica  tends  to  aggregate  in  little  nests  or  patches; 
the  irregular  quartz-grains  are  grey  to  reddish  in  colour. 

Micro,  [1047]  Though  the  hand-specimen  has  no  gneissic 
character,  a  slice  shows  under  the  microscope  decisive  evidences  of 
crushing.  The  mica  is  often  bent  or  buckled  along  "gliding-planes," 
and  many  flakes  are  torn  to  pieces.  Tliis  mineral  is  mostly  altered 
into  a  bright  green,  dichroic,  and  fairly  birefringent  substance  agreeing 
with  chlorite,  and  flakes  cut  nearly  parallel  to  the  basal  cleavage 
exhibit  many  minute  rutile-needles  arranged  parallel  to  three 
directions  at  angles  of  60°  to  one  another.  The  felspars  are  mostly 
microcline  and  microperthite,  with  a  finely  striated  acid  plagioclase. 
Of  these  the  microline  is,  as  usual,  of  later  formation  than  the  quarti 
of  the  rock.  The  last-named  mineral  builds  clear  grains,  which 
between  crossed  Nicols  give  a  somewhat  indistinct  extinction 
("strain-shadows").  Other  features  in  the  slice  pointing  to  the 
effects  of  crushing  arc  an  occasional  veined  and  **  cataclastic" 
structure,  and  the  occurrence  of  little  flakes  of  secondar}'  white 
mica  in  the  heart  of  the  felspar  crystals. 

Quartz-porphyries  of  various  kinds  are  rather  abundantlv  met 
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with  among  our  boulders,  though  much  less  common  than  the 
gnessic  and  granitoid  rocks.  Most  of  them  can  be  matched  among 
the  minor  acid  intrusions  (chiefly  dykes)  so  frequent  in  the  English 
Lake  District,  but  it  would  be  rash  to  put  them  down  as  coming 
from  that  region,  the  petrological  characters  of  these  rocks  not  being 
sufficiently  distinctive.  We  can  only  say  that  their  m^arest  passible 
home  is  among  the  Silurian  rocks  of  Westmorland.  A  specimen 
taken  about  half-way  between  High  Stacks  and  South  Sea  Landing 
shows  a  flinty-looking,  dark  brown  ground,  with  pink  patches,  enclos- 
ing little  lath-shaped  sections  of  glassy  felspar  and  clear  grains  of 
quartz. 

Micro.  [1055].  This  is  the  rhyolitic  type  of  quartz-porphyry, 
showing  the  uniformly  cryptocrystalliue  ("microfelsitic")  ground- 
mass  which  some  petrologists  would  regard  as  indicating  a  devitrified 
glassy  rock,  though  the  specimen  shows  no  conclusive  evidence  of 
an  originally  vitreous  condition.  The  imbedded  quartz-grains  are 
rounded,  and  penetrated  by  little  inlets  of  the  ground-mass,  owing 
to  corrosion  of  the  crystals  by  the  liquid  magma.  The  felspars, 
both  orthoclase  and  acid  plagioclase,  are  considerably  decomposed, 
and  secondary  patches  of  greenish  material  in  the  rock,  crowded 
with  granules  of  magnetite,  may  represent  destroyed  augite. 

A  small  boulder,  from  the  beach  at  Hornsea,  is,  to  the  eye, 
not  unlike  the  preceding,  but  the  ground-mass  is  more  decidedly 
crystalline  [944].  Quartz,  orthoclase,  finely  striated  plagioclase, 
and  apparent  relics  of  augite  crystals  are  present  as  before,  the 
felspars  often  giving  rise  to  secondary  epidote.  A  few  slender 
prisms  of  apatite  are  seen  in  addition. 

No.  508,  from  the  beach  at  Green  Stacks,  is  a  very  remarkable 
rock.  Pinkish-white  felspar  crystals  and  smaller  crystal-grains  of 
quartz  are  prominent  in  the  specimen,  but  their  rounded  outlines 
and  the  manner  of  their  occurrence  sufficiently  prove  their  frag- 
mental  origin,  and  some  of  the  larger  fragments  appear  to  be  sub- 
angular  pieces  of  composite  rocks.  The  ground  of  the  specimen, 
though  studded  with  minute  crystal-facets,  is  essentially  a  dull, 
compact  matrix,  varying  from  pale-green  to  purplish-brown. 

Micro.  [1141].     The  slide  shows  felspars  of  various  kinds  to 
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b0  the  most  sbandant  coDstitaenta.  Some  are  deeply  altered,  with 
numerous  secondary  products ;  others  have  the  limpid  a{qMannoe 
usually  seen  in  the  re-crystallised  fekpars  of  highly  metammphosed 
rocks.  Some  crystals  have  fine  t¥rin-lamellation  on  the  albite  type, 
occasionally  crossed  by  a  second  set  of  lamelks  (the  pericline  tmn- 
ning);'  others,  without  twin-lamellation,  show  between  crossed 
Nicols  a  finely  veined  structure.  Fissures  in  the  crystals  are 
sometimes  occupied  by  veins  of  crystalline  caldte;  elsewhere 
granular,  brilliantly  polarising  epidote  occurs,  often  in  strings 
following  the  twin-lamellsB,  which  are  known  to  correspond  to 
planes  of  chemical  weakness,  but  also  usurping,  together  with 
quartz,  the  whole  of  an  area  formerly  filled  by  felspar.  Granules 
of  epidote  and  patches  of  well-cleaved  crystalline  calcite  occar 
in  the  general  ground  of  the  rock,  besides  grains  of  iron-ozide, 
atid  a  pale-green  dichroic  mineral  of  the  chlorite  &mily  in  bent 
flakes,  giving  rather  low  polarisation-tints.  What  appears  to  be 
a  single  rounded  grain  of  quartz  is  sometimes  found,  when  examined 
in  polarised  light,  to  consist  of  a  crystalline  mosaic  of  clear,  irregularly- 
shaped  grains,  and  similar  indications  of  recrystalhsation  are  seen  in 
some  of  the  felspars. 

The  rock  may  be  regarded,  then,  as  a  very  felspathic  grit,  almost 
an  arkose,  highly  metamorphosed.  The  only  possible  English  source 
is  the  alteration-zone  around  the  Shap  Fell  granite,  where  somewhat 
similar  rocks  occur.  I  can  find  no  account  of  such  a  type  in 
Scandinavia,  but  it  might  probably  be  matched  among  the  various 
metamorphosed  grits  of  the  central  Scottish  Highlands,  if  we  admit 
the  possibility  of  rocks  being  transported  from  that  region  to  our 
coast.  It  is  a  priori  probable  that  the  well-known  Shap  granite 
boulders  should  be  accompanied  by  specimens  of  the  altered  rocks, 
at  least  equally  durable,  which  surround  the  granite  outcrop,  and  I 
have  already  suggested  such  an  origin  for  another  of  the  Flamborough 
boulders. 

I  pass  on  to  a  specimen  from  the  beach  east  of  South  Sea 
Landing.  This  is  one  of  the  so-called  "  porphyrites,"  and  closer 
examination  shows  it  to  be  a  partly  decomposed  hypersthene- 
andesite.     It  has  a  brick-red  ground-mass  enclosing  striated  felspar 
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prisms  up  to  one-tenth  of  an  inch  in  length,  patches  of  dark  mica 
to  a  quarter  of  an  inch,  and  confused  dark  spots. 

Micro,  [1056].  The  porphyritic  felspars,  when  sufficiently  clear, 
show  fine  twin-lamellation  and  extinction-angles  proper  to  labradorite. 
There  are  roughly  rectangular  sections  of  a  fibrous,  green,  pleochroic 
substance,  with  indistinct  polarisation  and  straight  extinction,  doubt- 
less bastite  pseudomorphs  after  hyper sthene.  Some  paler  green  and 
more  amorphous  patches  are  derived  from  augite,  of  which  a  few 
unaltered  granules  have  sometimes  survived.  This  mineral  was 
subordinate  in  quantity  to  the  rhombic  pyroxene.  Biotite  flakes, 
also  considerably  altered,  are  occasionally  seen,  and  little  grains  of 
magnetite  are  fairly  abundant.  The  ground-mass  seems  to  have 
consisted  largely  of  felspars,  but  is  deeply  decomposed,  and  stained 
reddish-brown  by  ferric  oxide,  which  has  also  coloured  the  borders 
of  some  of  the  porphyritic  felspar-crystals.  Hypersthene-bearing 
rocks  similar  to  this  occur  in  place  in  the  Cheviots. 

The  next  two  specimens,  Nos.  174  and  202,  also  belong  to  the 
type  usually  described  as  porphyrites.  They  show  a  dull  compact- 
looking  ground  of  a  dark  purplish-brown  colour,  enclosing  glassy 
felspars  one-tenth  to  one-quarter  of  an  inch  long,  or  sometimes 
larger,  and  little  brown  pseudomorphs.  The  rocks  are  evidently 
andesitic  lavas. 

Micro.  [1147,  1148].  The  large  felspars,  which  are  quite  fresh, 
show  lamellar  twinning  on  the  albite  law,  often  interrupted  and  in 
many  cases  terminating  abruptly  at  a  crack  in  the  crystal.  There 
are  well-marked  zones  of  growth,  besides  a  more  irregular  patchy 
appearance.  The  ground-mass  is  composed  mainly  of  small  closely- 
lamellated  felspars,  which  have  an  elongated  form  and  the  parallel 
arrangement  due  to  flow.  This  ground,  however,  is  packed  with 
opaque  matter,  part  of  which  shows  forms  indicating  octahedra  of 
magnetite,  while  the  bulk  of  it  is  red-brown  by  reflected  light  and 
consists  of  ferric  oxide.  One  or  two  rounded  crystals  of  pale  augite 
are  seen,  and  some  pale-green  decomposition-product  may  also 
represent  a  pyroxenic  mineral.  Calcite  is  another  secondary 
product,  and  often  occupies  patches  which  seem  to  be  vesicles. 
The  pseudomorphs  already  referred  to   are  surrounded  by  a  black 
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border  and  tanTersed  hj  uregolar  endm.  Th^  aie  motStitf 
pleochroic  Some  8how  k  weH-nudked  cleavage,  and  when  this 
18  seen,  the  crystals  eztmgaish  parallel  to  the  cleavage-traoes,  and 
give  the  deepest  absorption  for  Tibrations  in  tiiat  directlonL  Thejr 
may  be  due  to  the  alteration  of  biotite,  of  which  one  or  two  fresh 
flakes  are  present,  but  whether  they  consist  of  aUanite  or  some  other 
uncommon  mineral  I  am  not  able  to  state  with  confidence. 

No.  134  (not  sliced)  is  a  similar  rock,  though  with  a  rather  mote 
generally  crystalline  appearance  and  with  fewer  porphyritic  fdapars* 
It  has  a  general  brown  colour,  and  is  penetrated  by  little  red  vmns  of 
ferric  oxide,  presenting  altogether  a  close  resemblance  to  some  of 
the  "  porphyrites "  of  the  Cheviots,  which  have  certainly  supfdied 
numerous  boulders  to  our  east  coast.  It  must  be  remembered,  how- 
ever, that  lavas  of  a  not  dissimilar  type  are  extensively  devdoped 
in  the  Old  Red  Sandstone  and  Carboniferous  of  southern  Scotland, 
and  such  specimens  as  Nos.  174  and  202  cannot  be  confidently 
traced  to  their  source  until  these  rocks  are  very  thoroughly  known. 

I  select  next  a  few  samples  fi-om  the  very  numerous  dolerites 
and  diabases,  which  for  the  most  part  present  few  distinctive  features 
ill  hand-specimens,  while  even  under  the  microscope  they  only 
occasionally  show  sufficiently  marked  characteristics  to  be  safely 
identified  with  known  rocks.  No.  15  has  a  dull,  dark-grey  ground- 
mass,  enclosing  yellowish-white  felspars  up  to  a  quarter  or  half  an 
inch  long,  with  evident  twin-striation,  and  little  black  spots  of  a 
pyroxenic  mineral. 

Micro.  [1052].  The  porphyritic  felspars  show  Carlsbad,  albite, 
and  pericline  twinning,  and  some  degree  of  zonary  banding.  The 
pyroxene  is  foiind  to  be  of  a  rhombic  kind,  a  green  pleochroic  hyper 
sthene,  with  a  rather  unusual  mode  of  alteration.  It  is  ver}'  abundant, 
and  little  octahedra  of  magnetite  also  occur  in  some  quantity.  The 
rest  of  the  rock  consists  of  little  lath-shaped,  striated  felspars,  with 
partial  fluidal  arrangement. 

Another  specimen.  No.  562,  from  near  the  Matron,  shows  to  the 
eye  very  similar  characters.  Many  of  the  felspars  have  a  rounded 
outline,  and  this,  with  the  other  characters  of  the  rocks,  recalls  the 
peculiar  lavas  of  Eycott  Hill,  in  Cumberland.     The  resemblance  is 
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indeed  very  marked,  and  there  would  be  no  improbability  in  the 
transportation  of  boulders  from  Eycott  to  Flamborough :  the 
granophyre  ("syenite")  of  the  neighbouring  Carrock  Fell  has 
long  been  known  among  the  Holderness  boulders. 

No.  146  must  also  be  placed  here  It  shows  the  same  yellowish, 
striated  felspars,  rectangular  or  rounded  in  outline,  imbedded  in  a 
dark  fine-grained  matrix,  and  is  precisely  like  specimens  collected 
from  the  great  porphyritic  lava  of  Eycott  Hill.  The  slice  [1149]  is 
very  like  [1052],  although  the  yellowish-brown  pseudomorphs,  which 
seem  to  represent  vanished  hypersthene,  show  less  distinctive 
characters.  As  before,  the  ground-mass  consists  of  very  numerous 
little  striated  felspars,  with  abundant  magnetite  and  decomposition- 
products  of  pyroxene. 

The  next  specimen,  No.  21,  shows  a  dark  ground-mass  of  very 
fine  texture,  enclosing    greenish  decomposed    felspar-crystals  and 
smaller  crystals  of  black  augite.     It  is  indeed  a  porphyritic  dolerite 
and  would    be  named   "  augite-porphyrite "    by   some  continental 
geologists. 

Micro,  [1048].  The  porphyritic  augites  are  perfectly  idiomorphic 
and  almost  colourless  in  the  slice.  The  larger  porphyritic  crystals, 
belonging  presumably  to  a  basic  felspar,  are  completely  pseudo- 
morphed  by  calcite  with  strings  of  a  green  chloritoid  mineral.  The 
crowded  felspars  of  the  ground-mass  are  lath-shaped,  with  twin- 
striation,  and  seem  to  be  of  labradorite  or  some  near  variety.  They 
have  a  pronounced  arrangement  in  lines  of  flow  sweeping  past  the 
porphyritic  crystals,  though  a  few  of  them  are  included  by  the  larger 
augites.  The  remainder  of  the  ground  consists  of  little  sub-ophitic 
grains  ot  augite,  with  greenish  and  other  decomposition-products. 
The  slide  shows  plenty  of  magnetite,  most  of  which  is  evidently 
secondary. 

No  rock  of  this  kind  occurs  in  situ  in  the  North  of  England, 
unless  it  be  one  of  the  comparatively  little  known  though  extensive 
lavas  of  the  Lake  District.  On  this  point  it  would  be  rash  to 
pronounce.  Probably  a  more  thorough  acquaintance  with  the 
volcanic  series  of  Cumberland  and  Westmorland  would  enable 
us  to  detect  them  in  some  abundance  among  the  boulders  of  East 
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The  next  specimeD,  No.  54,  has  a  mottled  black  and  light-grey 
appearance,  dne  to  the  admixture  of  augite  and  felspar.  Under  the 
microscope  [1050]  the  btdk  of  the  rock  is  seen  to  consist  of  these 
two  minerals.  The  augite  is  very  pale  in  section :  it  occurs  in 
twinned  crystals,  and,  in  addition  to  the  usual  prismatic  cleavage, 
has  a  very  delicate  striated  structure.  There  are  also  some  fibnms 
dirty-green  {iseudomorphs  after  a  rhombic  pyroxene.  A  few  flakes 
of  brown  mica  occur,  besides  irregular  ciystal-grains  of  magnetite, 
and  rarely  one  or  two  needles  of  apatite.  The  felspar  is  chiefly  in 
little  elongated  twinned  crystals,  with  a  few  larger  ones,  and  a  zonarj 
shading  is  often  seen  in  polarised  light.  A  little  quartz,  occurring 
interstitially,  is  the  latest  product  of  consolidation  iu  the  rock. 
There  is  no  doubt  that  we  have  here  a  specimen  of  the  Whin  Sill 
of  Teesdale,  described  by  Mr.  Teall.  Our  rock  agrees  identically 
with  specimens  taken  at  High  Force  [378,  379]. 

No.  167  is  a  rock  of  slightly  coarser  grain,  the  ophitic  arrange- 
ment of  part  of  the  pyroxene  being  easily  seen.  It«  microscopic 
structure  is  of  the  diabasic  rather  than  the  true  doleritic  type 
[1142],  the  division  or  the  felspar  into  two  generations  not  being 
very  marked,  though  there  are  a  few  rather  clear  shapeless  felspars 
of  late  fonnation  and  with  zonary  banding.  The  rock  is  considerably 
decomposed,  but  retains  evidence  of  having  contained  both  mono- 
clinic  and  rhombic  pyroxenes.  As  before,  there  is  clear  quartz,  some 
of  which  seems  to  be  original ;  and  scattered  needles  of  apatite  occur 
in  places  in  the  slice.  This  is  a  specimen  of  the  coarser  variety  of  the 
Whin  Sill,  and  is  no  doubt  from  Teesdale,  the  outcrops  to  the  west 
of  the  Penines  being  of  a  finer-grained  variety. 

A  boulder  between  High  Stacks  and  South  Sea  is  another 
example  of  the  coarser  type  of  Whin  Sill  from  Teesdale,  and,  as  i^ 
often  the  case,  shows  a  little  dark  mica  as  well  as  augite.  The 
rock  is  considerably  decomposed,  and  contains  specks  of  iron  pyrites. 
Its  microscopical  characters  [1058]  do  not  need  detailed  description, 
since  they  agree  generally  with  the  foregoing.  The  augite  here  i> 
yellowish-brown  in  section,  and  usually  twinned  :  it  shows  the  basal 
striation  already  mentioned  very  markedly. 

Another  sliced  .specimen  [10.') 7]  is  a  fine-grained  doleritic  variety. 
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doubtless  from  the  same  source,  though  the  remains  of  rhombic 
pyroxene  are  less  plentiful.  This  example  is  fresher,  and  shows  very 
beautifully  the  zonary  banding  of  the  felspars  and  the  characters 
and  mutual  relations  of  all  the  constituents.  No.  127  is  very  similar, 
but  the  slice  [1146]  shows  a  little  brown  hornblende,  doubtless 
original,  associated  with  the  augite,  another  character  met  with  in 
the  Whin  Sill,  as  described  by  Mr.  Teall.  Some  other  rather  com- 
pact doleritic  rocks  in  our  collection  [1062,  1063]  have  a  considerable 
quantity  of  brown  hornblende  :  these,  from  their  general  appearance 
in  thin  sections,  may  be  also  Whin  Sill  boulders,  but  the  specimens 
are  scarcely  characteristic  enough  to  decide  the  point. 

Many  of  the  dolerites  have  suffered  much  from  weathering,  and 
lost  some  of  their  most  characteristic  features.  A  specimen  taken 
between  High  Stacks  and  South  Sea  Landing  [1060]  shows  good 
zoned  felspars,  mostly  once  twiuned.  These  and  the  quartz  (probably 
secondary)  are  crowded  with  needles  of  apatite.  The  pyroxene  is  in 
great  measure  destroyed.  No.  545  [1145]  has  the  felspars  much 
decomposed  and  without  any  zonary  banding.  Its  other  characters 
are  like  those  of  the  preceding,  except  that  the  augite  shows  very 
clearly  the  basal  striation  jdready  noticed  as  a  special  feature  of 
the  Whin  Sill.  This  is  very  clearly  exhibited  also  in  Nos.  503  and 
524  [1143,  1144],  two  moderately  coarse-grained  dolerites  with  a 
second  generation  of  felspars,  shapeless  and  strongly  zoned.  The 
former  has  relics  of  a  rhombic  pyroxene,  beside  the  twinned  and 
striated  augite.  These  rocks  agree  very  fairly  with  some  specimens 
of  the  Whin  Sill  of  Teesdale.  No.  214  is  a  similar-looking  rock,  aud 
the  boulders  about  Flamborough  include  many  examples  of  rather 
coarse-grained  dolerites,  often  with  specks  of  iron  pyrites,  which  must 
be  for  the  most  part  derived  from  the  outcrops  of  Teesdale. 

Olivine-beariug  dolerites  and  basalts  are  much  less  abundant. 
No.  240  is  a  dark  compact  fresh-looking  rock,  enclosing  porphyritic 
black  augites,  up  to  a  third  of  an  inch  long,  and  rounded  crystal- 
grains  of  yellow-green  olivine.  This  can  scarcely  be  a  North  of 
England  rock,  but  could  no  doubt  be  matched  in  Southern  Scotland. 
An  olivine-basalt  from  the  Basement  Clay  of  Flamborough  waa 
described  in  my  former  notes  [933].     1  liave  not  been  successful 
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in  identifying  among  oar  boulders  any  of  the  well-known  dyk»- 
rocks  of  Durham  and  Northumberland,  though  it  is  quite  posuble 
that  such  might  occur. 

Mr.  Lamplugh  has  forwarded  me  a  specimen  from  a  remaxkaUe 
boulder  (12  inches  x  H  x  4)  in  the  Lower  Boulder-Clay  of  Upgang, 
near  Whitby.  It  has  the  appearauce  of  a  brecciated  flint,  the  vein- 
like  spaces  dividing  it  being  marked  either  by  opaque  matter  or  by  a 
curious  pink  colour ;  but  in  the  yellow-grey  flinty  mass  itself  are 
seen  numerous  little  globules  recalling  a  spherulitic  stmctuie.  A 
slice  [1253]  shows  that  the  original  substance,  perhaps  a  rhyolitic 
lava,  has  been  replaced  by  more  or  less  distinctly  crystalline  ralica 
with  a  patchy  arrangement ;  while  the  little  globular  bodies  show  & 
radial  structure,  which  gives  a  good  *' black  cross."  The  whole 
reminds  one  closely  of  the  micro-structure  of  some  so-called  "  moss- 
agates." 

In  the  foregoing  notes  I  have  endeavoured  to  abstain  from  any 
speculations  not  directly  prompted  by  the  specimens.  The  only 
definite  results  arrived  at  may  be  briefly  summarised  here :  (L) 
Among  the  boulders  examined  are  some  certainly  from  the  south 
and  west  of  Norway  ;  (ii.)  most  of  the  granitic,  gneissic,  and  crystal- 
line schistose  rocks  are  referred  with  probability  to  the  same  source : 
(iii.)  other  boulders  have  been  furnished  by  the  northern  and 
eastern  parts  of  the  English  Lake  District;  (iv.)  others  have  been 
derived  from  Teesdale ;  and  (v.)  others  again  have  come  from  the 
Cheviot  Hills  and  the  southern  part  of  Scotland. 

In  conclusion,  I  should  like  to  call  attention  to  a  feature  which 
I  have  noticed  in  one  or  two  specimens  of  limestone  boulders,  and 
which  may  be  found  to  be  of  more  frequent  occurrence.  It  is  well 
exhibited  by  a  small  sub-angular  boulder  of  dark  crinoidal  limestone, 
doubtless  Carboniferous,  from  the  clay  nearly  below  FlamborougL 
Lighthouse.  The  specimen  is  three-and-a-half  inches  long,  and  is 
scratched  in  at  least  three  directions.  Its  surface  shows  three  or 
four  rather  angular  depressions  or  shallow  pits,  which  are  polished 
like  the  rest  of  the  stone,  but  have  only  a  few  scratches.  There  can 
be  little  doubt  that  this  is  an  example  of  the  "  impressed  limestone 
pebbles  "  noticed  by  Dr.  Sorby  and  others ;  the  little  pits,  which  are 
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nearly  an  inch  across,  being  due  to  the  dissolving  away  of  the 
carbonate  of  lime  under  pressure  from  the  angles  of  neighbouring 
pebbles.  The  specimen,  ^ns  found,  was  not  in  contact  with  any  other 
boulders,  and  it  is  a  matter  of  speculation  at  what  stage  in  the  history 
of  the  boulder  it  was  subjected  to  the  pressure  in  question.  The 
fracture  of  boulders  is  well-known  in  some  districts,  and  has  been 
recorded  by  various  German  geologists",  but  the  solution  of  a  lime- 
stone boulder,  being  presumably  a  slow  progress,  would  appear  to 
present  a  diflferent  problem. 


*  Of  Van  Oalker,  Zeitfi.  Deateoh.  Geol.  Ges.,  vol.  xli.,  p.  348  (1889). 
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NOTES  ON   BORINGS  FOR  WATER  AND  SALT  IN  THE  COUNTY  OF  YORK. 
BY  C.  E.  DE  RANGE,  ASSOC.  INST.  C.B.,  F.G.S.,  F.R.O.S., 

Secretary  of  the  Underground  Water  Committee  of  the  British 

Association. 

We  are  often  told  that  the  geology  of  England  affords  an 
epitome  of  that  of  Europe,  and  it  is  certainly  equally  true  that  an 
epitome  of  the  geology  of  England  may  be  found  in  the  County  of 
York. 

Its  wide  diversity  of  strata,  and  difference  of  elevation  and 
condition  has  a  direct  relation  to  its  remarkable  county  boundary, 
which  includes  in  an  area  of  artificial  limits,  portions  of  river-basins 
draining  into  the  eastern  and  western  seas. 

The  county  includes  the  northern  and  central  groups  of  the  rivers, 
making  up  the  Humber  basin,  but  the  southern  group  of  the  streams 
of  that  basin  are  beyond  its  boundaries,  while  westward,  where  the 
Pennine  Chain  forms  the  Humber  watershead,  the  West  Riding  of 
York  overlaps  the  Pennine  axis  and  occupies  no  less  than  400 
square  miles  of  country  draining  into  the  Ribble,  Lune,  and  Eden, 
the  latter  draining  into  the  Mallerstang  valley,  should  be  considered 
as  belonging  naturally  to  the  Cumberland  rivers,  while  the  two 
former  should  be  under  the  jurisdiction  of  the  Lancashire  authorities. 

The  northern  boundary  of  the  Humber  basin  is  the  great  east 
and  west  watershead  crossing  England  from  St.  Bees  Head  to  Robin 
Hood's  Bay,  north  of  Scarborough  ;  but  here  also  the  County  of  York 
does  not  follow  the  physical  feature  but  includes  the  south  bank  of 
the  river  Tees,  which  stream  forms  the  county  boundary  from  its 
mouth  to  Cauldron  Snout,  near  its  source  under  Cross  Fell. 

From  the  Tees  the  boundary  ranges  across  the  hills  parallel  to 
the  Pennine  axis,  which  it  enters  at  Stanemoor  and  follows  for  a  short 
distjxnce,  when  it  passes  into  the  area  of  the  western  streams,  drain- 
ing into  the  Irish  Sea. 

Southward  it  again  rejoins  the  Pennine  watershed,  below  Colne, 
Skipton,  and  Blackstone  Edge,  leaving  it  at  Mossley  east  of  Staley- 
bridge,  whence  it  turns  eastwards,  and  follows  the  minor  watershed 
between  the  tributaries  of  the  Trent  and  the  River  Don   which  ea^t- 
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ward  of  Sheffield  sweeps  round  by  Bawtry  and  Crowle,  to  the  mouth 
of  the  Humber  at  Adliugfleet. 

In  Yorkshire,  west  of  the  watershed,  the  rocks  range  from  the 
Silurians  to  the  Coal  MeasureSy  but  the  greater  part  of  the  area  is 
occupied  by  the  Lower  Carboniferous  Rocks,  consisting  of  alternations 
of  permeable  limestone  and  sandstone,  separated  by  impermeable 
shale,  nearly  the  whole  of  the  rainfall  is  rendered  available,  as  the 
water  absorbed  is  returned  into  streams  as  springs.  The  Gravitation 
Waterworks  of  the  Preston  and  Blackburn  Corporation  are  situated 
in  this  area. 

Springs  containing  sulphuretted  hydrogen  occur  in  the  shale  and 
limestones  lying  below  the  Lower  Beds  of  Millstone  Grit,  they  are 
seen  in  the  bed  of  the  Hodder,  and  again  at  Clitheroe  where  there  is 
a  bath-house  attached ;  over  the  watershed  the  Clitheroe  anticlinal 
axis  brings  up  the  same  beds  as  at  Skipton,  where  the  waters  were 
formerly  much  sought  after,  which  still  further  to  the  north-east  on 
the  same  axis,  are  the  well-known  Harrogate  mineral  waters. 

I  am  not  aware  that  any  boring  for  water  exists  in  Yorkshire 
west  of  the  watershed ;  east  of  it  is  a  boring  at  Skipton,  lor  Messrs. 
Scott  &  Robinson's  Brewery,  the  boring  was  carried  out  by  the 
London  Diamond  Boring  Company.  The  boring  is  entirely  in  dark 
earthy  limestone,  and  was  carried  to  a  depth  of  500  feet  without  any 
alteration  in  the  character  of  the  strata.  The  water  is  very  pure,  but 
charged  on  reaching  the  top  of  the  bore-hole  with  sulphuretted 
hydrogen. 

The  Yorkshire  Millstone  Grit  has  been  very  little  bored  into  for 
water  supply,  but  as  the  competition  for  surface  water  rights  increase 
with  the  growth  of  trade  and  the  increase  of  population  in  manu- 
facturing districts,  its  valuable  stores  of  water  will  doubtless  be 
largely  brought  into  requisition. 

From  the  labours  of  Professor  Green,  F.R.S.,  and  those  with  whom 
he  was  associated  in  the  Geological  Survey,  it  would  appear  that  the 
First  Grit  (or  Rough  Rock)  and  the  Fourth  Grit  (or  Kiuderscout  Grit) 
are  the  constant  subdivisions,  between  these  two  are  a  variable  set  of 
Middle  Grits.  The  Kinderscout  thickens  steadily  from  Ashoweve  to 
Keigldey  and  Skipton  by  Huddersfield  and  Halifax.  It  is  worthy 
of  note  that  faults  in  the  Millstone  Grit  become  filled  with  shale 
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material  and  form  watertight  boundaries ;  water  absorbed  at  the  out- 
crop of  the  Grit  beds  flows  down  the  dip,  but  if  let  off  by  a  fault  the 
water  is  thrown  out  as  springs.  In  the  MiUstone  Grits  water  is 
readily  absorbed  and  flows  mainly  through  joints,  a  supply  irom  this 
source  consequently  quickly  responds  to  rainfall,  and  luis  not  the 
same  retentive  capacity  as  characterises  the  sandstone  of  the  Nev 
Red  Series.  Bamoldswick,  near  Skipton,  is  supplied  by  a  well  aud 
boring  in  the  Millstone  Ghrit,  at  a  site  chosen  by  the  author. 

The  Yorkshire  Coal  Measures  contain  numerous  beds  of  sand- 
stone of  considerable  value  for  water-supply  purposes.  In  search  of 
coal  their  thickness  has  been  proved,  but  they  liave  not  been  rendered 
available  for  water  supply  as  much  as  might  have  been  expectei 
For  the  following  details  the  writer  is  largely  beholden  to  Professor 
Green,  F.RS. 

The  Oakensliaw,  or  Clifton  Rock  is  generally  a  massive  full- 
be<lded  sandstone,  much  divided  by  joints  :  it  is  close  in  gmin,  ainl 
j^ritty  iu  texture.  In  some  districts  it  is  in  two  beds,  and  the  upper 
is  called  the  Shortcliffe  Sandstone  Bed.  The  Thomliill  Rock  is  the 
most  important  Middle  Coal  Measure  Sandstone  in  the  northern  part 
of  the  field ;  it  is  a  close-grained,  thin-bedde»l,  v»^luable  building 
stone,  locally  traversed  by  vertical  joints.  It  occurs  l>eneath  the 
Haigh  Moor  Coal  and  above  the  Joan  Goal,  and  is  locally  known  a^  the 
Dewsbury  Bank,  Morley,  Middleton,  Robin  Hood,  and  Oultou  RiK'k. 

Above  the  Parkgate  Coal  is  the  Parkgate,  Croppiugate  or  Birstall 
Rock.  At  Scholes  Colliery  it  is  90  feet  thick  ;  at  the  Old  Pit  Moor 
Colliery  170  feet,  where  it  reaches  its  tliickest ;  it  is  thickly  bedJel: 
rather  coarse,  much  jointed,  aud  yields  a  large  supply  of  water. 
requiring  much  pumping  when  it  directly  overlies  the  Coal.  It  wa> 
named  the  Bradgate  Rock  by  William  Smith,  after  the  village  vhen' 
it  is  largely  quarried. 

The  Woolley  Edge  Rock  overiies  the  Wat/itvood  Coal  at  WoiuIh 
well  Main,  where  it  is  120  feet  2  inches,  with  I2i  feet  of  .>hale 
intervening.  East  of  Whitwell  Main  it  lies  above  the  Wakefield  Coni 
and  38  feet  of  it  is  described  as  the  "Bleeding  Rock,"  exudinj,^  acid 
water,  this  blistering  the  hands  of  the  sinkers.  The  area  of  the  nx-k  i> 
bounded  by  a  line  running  west  between  Pontefract  and  Citstlefonl  I'V 
Xormanton ;  then  south  by  Woolley  Edge,  passing  west  of  HemingtieW. 
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Messrs.    Mather    and    Piatt  have  carried   out  the    following 
borings: — at  Walton,  Wakefield,  9  inch  boring  to  770  feet,  all  in 
Coal  Measures,  Coal  4  feet  1  inch  at  650  feet.     Bradford  24  inch 
boring  295  feet,   at  bottom  of  well  55  feet  deep,  Coal  Measures, 
to  coarse  sandstone.     Bradford  12  inch  boring  to  327  feet  through 
Coal  Measure  Shale,  dark  grey  rock  and  very  hard  black  rock. 

The  Oaks  Ilock  is  so  called  at  Barnsley.     At  Trenton  and  the 
district  south  of  Sheffield,  it  is  called  the  Trenton  Rock.     It  can  be 
traced  on  its  outcrop  as  far  as  Heath  ;  east  of  Wakefield  it  appears 
to  thin  away  along  a  line  running  roughly  north-west,  and  south- 
east through  Normanton.     It  usually  carries  a  large  quantity  of 
water ;  when  it  is  split  up  with  shale  the  quantity  is  less.     It  is 
UCrgely  quarried  for  building  stone  and  making  grindstones,  the  most 
important  quarry  being  near  Barnsley,  where  the  rock  attains  its  full 
thickness,  it  is  estimated  to  be  100  feet,  and  its  base  to  be  850  feet 
above  the  Barnsley  Goal,    At  Wath  Main  Colliery  the  total  thickness 
of  the  rock  was  bb  yards  ;  it  yielded  an  enormous  quantity  of  water, 
one  feeder  alone  yielding  3000  gallons  per  minute,  after  the  tubing 
wa«  in  the  shop,  but  before  it  was  fully  "  wedged,"  the  yield  for  months 
was  18,000  gallons  per  minute. 

The  Pontefract  Rock  is  water  bearing. 

The  following  is  the  succession  of  the  Trias  and  Pennian  in 
Yorkshire,  given  by  Professor  Phillips  : — 

Rh2etic(?)        ...         ...         ...         ...         10  feet  in  thickness. 

Keuper   Marls,  with    thin   greenish- 
white  sandstone  on  the  top           . . .       600  (?) 
White  solid  Sandstone,  or  Waterstone^ 
Soft  Bunter  Sandstsone     >     608  ( i) 


a  if 


\ 


>>  n 


Conglomerate  of  the  Bunter... 

Upper  Permian  Limestone     45 

Gypseous  Marls         50 

Lower  Limestone       ...         150 

Sands  and  Sandstone 50  (?) 

These  lower  beds  are  described  by  Phillips  as  resembling  "  the 
Lower  Permian  Sandstone  of  Manchester,"  and  I  have  no  doubt  that 
this  identification  is  correct,  and  that  the  Colleyhurst  Sandstone  of 
Manchester,  is  on  the  same  horizon  as  those   of  Tynemouth  on  the 


if  y> 

}>  it 

ff  >» 
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east  coast  The  overlaying  Marl  Slate  of  the  Durliam  const  u^  rep- 
resented in  Yorkshire,  by  the  fosriliferous  laminated  beds  of  GarfonL 
The  Lower  Limestone  contains  of  carbonate  of  magnesia  4o'7,  whik 
the  Upper  Limestone  only  contains  about  4  per  cent,  of  magnesia. 
Over  this  bed  are  the  Knottingley  red  and  pale  laminated  clay?, 
which  would  appear  to  be  on  the  horizon  of  the  Marls  associate! 
with  the  slightly  Magnesian  Limestone  of  the  Manchester  area. 


MagDeiian 
Idmeiitone. 

Truuni 

0. 

lliver  Tees,  south  bank    . . .  ' 

nil 

74  1 

square  miles. 

Rsk 

nil 

nil 

„    Foulness      

nil 

72 

„    Derwent 

nil 

• 

,)          v/Uow  •••                    ...                    ••• 

50 

500 

„    Aire  and  Calder 

44 

96 

,,    Don  ... 

55 

120 

149  862 

III  the  Tees  biwiu,  it  is  worthy  of  note  that  the  tirst  discover}' 
of  Rock-salt  wai4  accidentally  made  in  a  boring  for  water,  carried  out 
by  Messrs.  Mather  and  Piatt,  for  Messrs.  Bolckow,  Vaughan  auJ 
Company,  commenced  in  July,  1859,  and  finished  iu  August,  \%'^. 
This  boring  is  now  ^)art  of  the  undertaking  of  the  Cleveland  Salt 
Company.  The  following  Table  gives  an  abstract  of  the  information 
that  has  been  obtained  by  boring  for  Salt  between  this  boring  ami 
the  most  recent  bore-hole  at  Lackenby,  completed  iu  November  of 
last  year,  and  also  carried  out  by  Messrs  Mather  and  Piatt : — 


1                                                        ■ 

X.        iMlddlesbro*    Ini|>eri«I   !    S.  Bank      ,....,„,, 
Orraesb} .  ;  B.,  V.  A Co.l  Ironworks. ,      Eaton.       *-*'  '^  "' • 

1                     1 

Surface  Deposits 

ft.    in. 

34  0 

ft.      in.        ft.      in.        ft.    In.         rt.    :r. 

70     0'     6G     6      41  0        13  0 

1 

Upper  Gypsum  Marls  . 

242  0 

86     0.  149   10   453  0     r>S4  (> 

1 

Red  Sandstone  aiia  Marls 

8r>9  6 

902     G1117     2   83G  G     59S  0 

Lower  Gypsum  Marls  . . . 

182  9 

132     8    203     G   200  0     44S  0 

Anhydrite  and  Salt  Beds 

121   3 

114  10 

I'h)     3    1 48  8A    14J  :• 

Magnesiau  Limestone  ... 

•  •  • 

7     4 

1 

1 
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The  East  Coast  Saliferous  Beds  have  invariably  a  bed  of  Anhy- 
jite  as  the  top,  which  overiies  the  "  rotten  marl "  resting  on  the 
lock-salt,  beneath  which  is  the  Lower  Anhydrite  Bed,  averaging 
0  feet  in  thickness,  but  abnormally  thickening  to  267  feet  at  Hartle- 
lool.  The  Anhydrite  is  interbedded,  and  passes  horizontally  into 
he  Magnesian  Limestone,  and  the  strata  from  the  Upper  Anhydrite 
ted  downwards  closely  correspond  to  the  Permian  Zechstein  Beds  of 
rermany,  containing  Rock-salt  associated  with  Anhydrite. 

It  was  expected  that  the  base  of  the  Lias  would  have  been  found 
eneath  the  drift,  but  the  boring  commenced  west  of  the  outcrop,  so 
liat  the  maximum  thickness  of  the  Keuper  Marls  on  tke  East  Coast 
i  not  yet  absolutely  ascertained.  On  the  West  Coast  they  have 
•een  proved  to  be  900  feet  in  thickness,  and  as  the  Rock-salt  occurs 
[1  the  upper  320,  it  is  possible  that  Triassic  Rock-salt  underlies  the 
jias  of  East  Yorkshire,  and  looking  to  the  maintenance  of  the  thick- 
ess  of  the  Rock-salt  at  the  Lackington  boring,  it  is  possible  that 
lock-salt  beds  occur  in  North-East  Yorkshire  of  two  distinct 
eological  ages. 

The  following  are  the  details  of  the  Lackenby  boring  : — 


Ft.  In. 

Ft.  In. 

13  0 

Clay  and  Gravel       

.     13  0 

'     24  0 

Hard  Red  Clay  (Gypsum) 

.     18  8 

87  0 

Red  Marl  and  thin  rock      

.     62  4 

246  8 

Red  Marl  and  band  of  blue            

159  8 

255  0 

Very  Hard  Rock      

8  4 

343  0 

Blue  and  Red  Marl 

.     88  4 

373  0 

Dark  Red  Marl,  blue  stone 

.     30  0 

380  0 

Hard  Blue  Stone      

7  0 

597  0 

Red  Marl      

.  207  0 

1195  0 

Red  Sandstone 

.  598  0 

1272  0 

Red  Marl      ...         

77  0 

1643  0 

Red  Marl  and  Sandstone  (63)  beds 

.  371  0 

1663  3 
|1672  0 

Hard  White  Rock  {Anhydrite)      

.     20  0 

Honeycomb  Rock     ... 

9  0 

< 1685  0 

Salt  and  Marl  mi.xed           

.     13  0 

1804  0 

Clear  Salt  Rock       

.  119  0 

1806  0 

White  Rock  (-4 w%dri^) 

2  0(  +  ) 
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The  thickneu  of  tiw  beds  beneath  thiB  boring  IB  Dot  known,  bat 
in  sU  caaefl,  boiinge  that  have  been  oairied  aoffieientlr  de^  between 
Middlesborongb  and  Hartl^xwl,  have  proved  the  Magnenaa  Liine- 
stone  to  underlie  the  Bslifsraas  beds.  It  is  worthy  of  note  tiist  the 
look-salt  of  the  east  coast  is  invariably  asMxnated  with  am(aphoai 
sulphate  of  lime  witMout  Irater  of  crTstallintion  (AnijfdHt«\  whkh 
in  the  bij^  beds  in  which  the  sulphate  of  lime  with  water  of 
ctystaUitation  {6i/pattm)  occnrs  alone,  salt  is  absent. 

Coatham  1567,'commmueated  by  Mr.  Peacock,  M.E. : — 


6  0 

1. 

0% 

to 

3. 

BlueSluJ. 

39  0 

S. 

No<iiikrb.iid          

I  6 

1 

4. 

BlueShJe     

1  8 

5. 

Nodular  buid            

SO 

6. 

Blue  Shale     

C  4 

1 

7. 

Nodular  band           

1  6 

S. 

Blue  Shale     

21  0 

9. 

Bastard  post  (grey) 

5  0 

165  0        10. 

Blue  Shale,  hard  band          

33  0 

1]. 

Dark  Shale,  Pyrites 

12  0 

■i  12. 

White  and  grey  post,  6ri(te 

9  0 

ll'"- 

Red  andnhitemottled  posts 

IS  0 

l|  14. 

Dark-blue  Shale,  hard  bands 

19  0 

223  0      '  15. 

White  Shale 

18  0 

16. 

Red  Marl,  Gypsum 

74  0 

■3 

IT. 

Hard  band 

0  2 

1 

18. 

Red  Marl       

23  0 

1' 

19. 

Hard  band     

0  3 

20. 

Strong  Red  Marl       

9  0 

i4 

21. 

«nmm          

1  4 

341  6 

22. 

Red  Marl       

0  9 

Works  for  the  manufacture  of  salt  fonnerly  existed  on  Tod 

Point,  but  whether  froTn  sea  water  or  a  brine  spring  is 

unkDom. 

Strong  brine  was  met  with  in  a  futile  shaft  sunk  for  coal  i 

a  1856,  on 

Coatham  Marsh  by  the  late  Mr.  Slate,  of  Redcar,  which  led  to  the 

above  boring 

wing 

made,  which  however  did  not  realize  expectation. 
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Boring  for  coal  commenced  in  1856,  and  continued  in  1857-8, 
for  Lord  Falkland,  at  Eirk-Lavington,  near  Yarm,  details  from 
Mr.  P.  S.  Reid,  Mining  Engineer  : — 


1. 

Reddish  Clay 

27  0 

2. 

Fine  Sand         ...         

7  0 

3. 

Common  Sand  ... 

4  0 

4. 

Fine  Sand         

10  0 

5. 

Reddish  Clay    ...         

51  0 

Ft.     In. 
)    Drift  109     2 

6. 

Yellow  Sandstone        

0  8 

7. 

White  Sandstone 

0  9 

8. 

Sand  and  Gravel 

4  0 

9. 

White  Sandstone         

1  6 

10. 

Sand  and  Gravel          

3  3 

11. 

Light-bluish  Sandstone 

•  •  • 

•  •  • 

119  10 

12. 

Very  hard  White  Sandstone    . . . 

•  •  • 

•   a   • 

0  11 

13. 

Light  Fire  Clay            

•  •  ■ 

•    •   • 

1     5 

14. 

Light  Shale       

•  •  • 

•    •   • 

2     6 

15. 

Red  Sandstone 

•  •  • 

•   •   • 

204     3 

16. 

„     Shale  and  Sandstone 

•  •  • 

•    •    • 

1     0 

17. 

„     Sandstone  Hard 

•  •  • 

•   ■  • 

1     1 

18. 

J  J                1 ,           loOrC        ...           ... 

•  •  • 

•  •  • 

18     0 

19. 

„            „        and  Shale 

•  •  • 

•   •   ■ 

0     3 

20. 

Very  Hard  Sandstone 

«  •  ■ 

•  •  • 

2     3 

21. 

dnaie                 ...         •  •  •         •  • . 

•  •  • 

•    •    • 

7     3 

22. 

Very  Hard  Sandstone 

t  •  • 

•   •    • 

2     6 

23. 

ouaie      ...          ...                      ••• 

•  •  • 

•    •    • 

7     8 

24. 

Sandstone 

•  •  • 

•   •  • 

4     0 

25. 

Shale 

•  •  • 

•  •  • 

4     8 

26, 

Sandstone 

•  •  • 

•   •  • 

2     1 

27. 

Shale  and  Clay   . . 

« ■  • 

•   •   • 

2     8 

28. 

Sandstone 

•  •  • 

•  •  • 

3     9 

29, 

\ylfty          ...           •»•           ••«           ••• 

•  •• 

•  •• 

0     7 

30. 

Light  Red  Sandstone 

•  •  • 

•  •• 

1     9 

31. 

Red  Sandstone 

•  •  • 

•  •  • 

13     9 

32. 

),        ,, 

•  • 

«   •  • 

3     0 

33. 

Magneskin  Limestone   ... 

•  •  • 

•  •  • 

6     9 
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Ft.  Li. 

Jl. 

Ran  Shale                  

S    0 

Si. 

.,      .,    and  Clay 

8    8 

36. 

„    FiieCtay 

9    5 

J7. 

Magnmm  LimMmt 

6    8 

88. 

Sli>le  and  Clay 

2    3 

S9. 

MagmmLimalmt 

1    6 

40. 

Red  Shale  and  Ohy 

5    1 

4X. 

9    1 

42. 

4    9 

43. 

Hard  light  Bad  Sanditone       ... 

4    0 

44. 

Very  hard 

1    1 

45. 

.         ...          6    4i 

48. 

...        16    H 

47. 

Grey  Pyritie  Sandstone 

1    0 

48. 

24    8 

49. 

Qyp»™        

0    9 

50. 

Red  Shaly  Sandstone 

C    9 

:>\. 

Sandstone,  Red  Shale 

20    e 

52. 

Shaly  Sandstone,  Gypsum 

20    <l 

53. 

Sandstone,  Gypsum,  an 

d  Garb,  of  Lim 

17    6 

710    0 
Mr.  Reid  doubts  that  the  beds  33,  37,  and  39  were  truly  refer- 
able to  the  Magnesian  Limestone,  but  Mr.  Morley,  C.E.,  considers 
tliey  belong  to  that  formation,  and  the  underlying  beds  to  the  Lovei 
Permian  Sandstone. 

Selby  Waterworks  Well. 
Surface  20^  feet  above  mean  aea-level.     Yield  250,000  gallons 
from  6-inch  boring  carried  to  330  feet ;  water  rises  to  4  feet   of  the 
surface  before  pumping  ;  level  restored  in  two  hours. 
Alluvial  soil 


■  75  0 


Clay               

.1    u 

24  0 

Sandfwater) 

1  0 

Clay                 

24  0 

Quicksand  (spring) 

21  0 
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93 

0 

Red  Sandstone            

...     18  0 

93 

1 

Marl  (like  Fuller's  Earth)       ... 

...       0  1 

103 

4 

Red  Sandstone            

...     10  3 

103 

;> 

Grey        „                   

0  1 

167 

2 

Red         „                  

...     64  9 

285 

8 

„            „  harder       

..     118.6 

296 

2 

Very  liard  Rock 

..     10  6 

302 

11 

Red  Sandstone 

...       6  9 

307 

8 

Very  hard  Rock           

4  9 

329 

8 

J,            ).                   ...         ...         . 

..     22  0 

The  water  is  8  deg.  of  hardness. 

The  following  is  probably  another  a(?count  of  the  same  boring  : — 

Ft.    In. 
Warp  and  Clay 

Strong  Clay 


Drift.  J 


Sand  and  Clay 

Strong  Clay 

Clay  and  Silt 

Grey  Sand  (water) 

Red  Sand 

Indurated  Sand  • 

Red  Sandstone 

Red  Clay  and  Fullers  Earth,  with  Pipe  Clay 

Red  Sandstone  . .         


10 

10 

14 

7 

8 

7 

6 

1 

54 

5 

203 


0 
6 
8 

10 
9 
6 
6 
6 
6 
0 
0 


330  0 


A  well  at  the  opposite  end  of  Selby  was  carried  to  a  depth  of 
380  feet,  and  was  still  in  the  Red  Sandstone.  The  water  in  these 
welLs  stands  nearly  up  to  the  surface,  and  the  Waterworks  Well 
yields  243,000  gallons  in  24  hours. 

A  well  at  Cawood,  300  feet  in  depth,  is  remarkable  for  the  fact 
that  at  eleven  in  the  morning  of  a  certain  day,  the  level  of  the  water 
fell  considerably,  while  at  the  same  time  the  water  at  Selby  was 
considerably  augmented. 

In  the  district  occurring  between  Tadcaster  and  York  the  follow- 
ing sequence  and  thicknes.ses  of  the  Trias  and  Permian  Sub-divisions 
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were  estimated  in  1875  by  the  late  Rev.  Clifton  Waid,  fiMinerij  d 
the  Geological  Survey : —  Fk 

Keuper  BCarla,  red  and  Une  Innds,  with  auid- 

stone  and  alabaster  beds       400 

Birnter,  Red  Sandstone  900 

Upper  Marls,  thickness  unknown  — 

Upper  Limestone  40 

Middle  Marls       30 

Lower  limestone 200 

At  Tadcaster  the  Lower  Permian  Limestone  was  170  feet  in  thiek- 
ness,  and  rested  directly  on  the  Rough  Rock  ot  the  Millatone  Grit 

Towthorpe  Common,  near  York,  sunk  Januaiy  to  April,  1879. 
Bore-hole  9  inch  diamater  and  311  feet  4  inch  in  depth,  subeeqne&ttr 
plugged  at  210  feet.    Water  stands  15  feet  above  the  river  Fors,  and 
is  not  affected  by  pumping.    The  surface  is  60  feet  above  the  sea- 
level.     The  section  was  as  follows  : —  Ft.   In. 
Top  Sand                  •.          ...         ...         ...  4    6 

Fire  Clay        .  .  ...         ...         ■ .  •         ...         1  o    0 

Boulder  Clay  ..         ...         ...         ...         ...         ...         15    0 

Loamy  Sand ...  . .         ...  ...         ...  60 

Fine  Warp  Clay      ...         ...         ...         ...         ...  9    0 

Grey  Sand     ...         ...  ..         ...         ...         ..  10    0 

Boulder  Clay 4    0 

Green  Sand  ...         ...         ...  ...  ..         16    0 

Green  Sand,  with  layers  of  blue  bind        18    0 

Blue  bind  or  Marl 19 

Light  Sandstone,  with  blue  bind    ...         ...         ...         35    0 

White  Sandstone      ...         ...         ...         ...         ...  5    0 

Blue  bind      ...         ...         ...         ...         ...         ...  10 

Red  Marl      ...         ...         ...         ...         ...         ...  20 

White  Sandstone     ...  81    0 

Blue  Marl     ...         ...         ...         ...         ...         ...  0    6 

Variegated  Sandstone  ...         ...         ...         ...         230 

Blue  Marl     ...         ...         ...         ...         ...         ...  0    8 

VaiT^gated  Sandstone  60    0 

Red  Marl       3    0 


310    0 
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The  hardness  of  the  water  (Clark's  scale).     At  the 
bottom  of  the  bore-hole  : —  At  the  depth  of  210  feet : — 

Fixed      6650  57  *  35 

Temporary         ...         26 '25  30  *  15 


Total... 


9275 


87  -50 


Ft.  In. 
70  0 

30  0 

30  0 

50  0 


Sulphate  of  lime  gave  nearly  78  grains,  and  sulphate  of 
magnesia  nearly  26  grains. 

York. 

Messrs,  Brett,  Sparringate  : — 
Ft.  In. 
70  0    Clay  and  sand,  with  piece  of  good  oak  at  bottom 

100  0    Ferruginous  sand  

130  0    Sand 

180  0    Gravel  and  sand  (water)  

The  surface  of  the  ground  here  is  about  30  feet  above  the  sea, 
so  that  the  bottom  of  the  bore  hole  is  about  150  feet  below  it.  It 
is  probable  that  the  sand  forming  the  lower  part  of  the  last  50  feet 
is  referable  to  the  New  Pled  Sandstone,  met  with  in  the  other  York 
borings.  Water  stands  6  feet  from  the  surface,  and  does  not  sink 
more  than  2  feet. 

Messrs.  Steward  8c  Sons,  Comb  Works,  Walmgate  Bar : — 

Ft.    In. 
Clay  and  Stones  ..     24    0 

omm       ...  ...  ...  ...  •••  .••  •••     Dv/     \j 

Fine  Sandstone...  54    0 

The  surface  of  this  well  is  about  50  feet  above  the  sea,  so  that 
the  surface  of  the  rock  here  is  34  feet  below  it.  Another  boring  was 
carried  to  a  depth  of  387  feet  in  the  Red  Sandstone.  There  are 
three  borings  in  all,  yielding  500  gallons  per  minute. 

North  Riding  Asylum,  Clifton. 

I^mUvL  ...  ...  ...  ...  ..•  ... 

X   dirU  ...  ..  ...  ...  ...  •*• 

Dense  Blue  Clay 

Do.  Boulders  .. 
Red  Sand 


Ft. 

In. 

7 

0 

1 

0 

13 

0  ^74 

0 

43 

M 

10 

ol 
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n. 

la. 

Soft  Red  8>ii<latoiK     

It 

0 

White  SaadfltoM         

13 

0 

Red  Saaditone,  with  cUy  Uyen 

m 

0 

White  SandsloM         

10 

0 

Red  Clay          

6 

20 

0 

Wliite  Sandstone         

0 

Red  Clay          

0 

White  Sandstone         

Ifi 

0 

Red  Sandstone 

0 

0 

White  Sandstone          

11 

0 

43 

0 

Well,  at  Mr.  Smile's,  Wsbngste  Bar  :- 

Ft.  U. 

Clay  and  Stone 

24    0 

Quicksand        

60    0 

Fine  Sandstone 

204    0 

Parting  (water) 

0    2 

.567  2     Pine  Sandstone 

270    0 

Well  at  Bilton  Hall,  near  York  :— 

Drift      

60    0 

Red  Sandstone 

(  +  ) 

GooLE. 

Boring  in  connexion  with  liailway  Bridge  ov 

rtheO 

use;— 

Silt  and  Sand         

Black  Peat 

Soft  Brown  Clay.  Sand,  or  Gmvel 

Soft  Blue  Shale  (water) 

104  0    Strong  Blue  Sbale,  with  Gypsum  ... 

HuLMB,  SEAR  Market  WEiaHTON. 
Well  at  Blacksmith's  Arms  — 

Sand  (sunk) 

Blue  "  Stone,"  with  layer  of  "  piaster  "  on  bott«m 
300        Blue  or  Brown  "Stone"  (?  Marl) 
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Saltmarsh. 
Sinking  and  boring  in  1834  : — 


hiit 


I  jjcui/n     •••  •••  •••  •••  •••  •••       OD 

/Quicksand         ...  ...         ...         ...       18 

(  White  and  Blue  Plaster  (Gypsum)  and  Red  Marl  126  j 

L9  \ 


I  Blue  Marl 
( Red  Marl 


33  >  201 
42 


15        Soft  Red  Sandstone 


60 


Doncaster. 

Boring  for  water  supply.     Failed  in  obtaining  one,  1867  : 

w  cir  u  •  •  •  ...  .  • 

Blue  Clay 


40 
14  0    I 


2  0 
2  0 


s 


Quicksand  ...  

Gravel 

Red  Sandstone 
Red  Clay 
Limestone    ... 
Red  Clay 
Limestone    ... 
Red  Clay 
Limestone     ... 
Red  Clay 
Limestone 
Red  Shale    ... 
Limestone     ... 
Slialy  Limestone 

Blue  Clay     

Limestone    ... 
Blue  Clay     ... 
Red  Clay  with  Sulphate  of 

Lime         ...         ...         ...  42  0    ; 

Limestone     ...         ...         ...210  0 

Blue  Shot 8  0 


22  0 


90  0     Up.  Marl  &  Sandstone. 
36  0   . 
0  4    1 


1   4 

0  8 

1  5 
0  U 

^  ^    }     Brotherton  Beds, 
0  4i 

2  3 
0  H 
6  0 
0  3 

48  0  / 
6  7 


Upper 
I  Magnesian  Limestone, 


not  feet. 


/ 


Middle  Marls. 

Middle  Mag.  Lime. 
Marl  Slates  (?) 


...  18  0   1 

...  18  0 

...    0  > 

...  ua 

...     4  6 

...lU  6 
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CcMlandHwl 

Orit <*»[«,« 

SUlyCUy    ..  ""  '     Codlfowtm. 

Grit 

845  8i  Shaly  Clay  and  Orit  beds  . 

Rods  broke,  and  could  not  be  raised. 
Boring  at  Reedoees,  npon  the  estate  of  Mr.  John  Egreraont, 
commeuced  Oct.  7th,  18S5,  superintended  by  Mr.  Jaim  Walkv,  C.E. 
The  details  were  obtained  by  the  late  Rev.  Clifton  Ward,  who  dirided 
the  beds  as  follows . —  Ft  ii. 

Warp  and  Gravel  ...      69    0 

Keuper     S73    S 

1028  10    Bunter      £87    i 

Dr.  Parsons  has  given  further  details  of  this  and  adjacent 
boriugs  in  the  Proc.  Geoi  and  Polyt.  See.  of  West  Rjding,  1877, 
p.  216. 

Tlie  Yorkshire  Oolites  occupy  tlie  following  areas  :— 

111  tlie  basin  of  the  Tees  nil. 

Eak        ...         183  sq.  miles. 

„  xxxvii.  basin  Ordnauce  Survey  . 


,  the  basin  of  the  Hull 

,,  Fouluesa 

„  Derwent 

,,  Ouse 

„  Aire  and  Calder 

Don 


nil 
nil 


.147 


The  average  percolation  of  rain  water  will  be  5  inches  auuu&ily, 
or  aOO.OOO  gallons  per  square  mile  per  day,  giving  an  available 
quantity  of  69^  uiilliou  gallons,  or  a  supply  at  30  gallons  per  brad 
for  more  than  -ik  uiillioii  iuhabitauts.  Ainougst  those  who  draw  upon 
this  supply  is  the  town  of  Scarborough.  The  Waterworks  Well  is 
near  Osgodby,  it  was  sunk  in  October   1870,  and  has   not  iieeu 
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deepened  since.  It  is  160  feet  above  the  sea,  and  a  ten-foot  shaft  is 
carried  to  a  depth  of  91  feet,  with  a  bore-hole  at  the  bottom  6  inch 
in  diameter  carried  a  further  45  feet,  or  a  total  depth  of  136  feet. 
Three  headings  are  driven  out  from  the  shaft,  with  a  total  length  of  70 
yards.  The  water  level  varies  with  the  speed  of  pumping  and  the 
season,  no  full  record  has  been  kept ;  the  average  pumping  level  is  70 
feet  from  the  surface,  when  600,000  to  800,000  gallons  of  water  are 
abstracted.     The  following  is  an  analysis  of  the  water  : — 

Grains  per  gallon. 

Carbonate  of  Lime  10*150 


„  Magnesia 

Sulphate  of  Lime 
Chloride  of  Sodium 

„         Calcium 
Silica 
Alumina  and  Oxide  of  Iron 

Organic  Matter       

Nitric  Acid  

Iron 


3129 

3036 

1-569 

1*792 

•294 

126 

280 

376 

Trace 

20*678 


15° 
5" 


Hardness  in  Clark's  scale 
Before  boiling 
After  boiling  half-an-hour 

Boring  at  Salton,  near  Malton,  North  Riding,  carried  out  in 
1880,  at  150  feet  above  the  sea,  the  water  overflows  the  surface  from 
a  4  inch  boring,  carried  to  a  depth  of  316  feet,  the  water  is  slightly 
sulphurous.     The  section  was  : — 

Ft. 


Fluviatile  Drift  (R.  Rye) 
Kimmeridge  Clay 


15 
276 

316 


Boring  at  Irton,  near  Scarborough,  finished  August,  1882. 
The  surface  bank  is  94  feet  above  the  seii.  A  well  was  sunk  70  feet, 
followed  by  a  boring  25  inch  for  28  feet ;  20  inch  for  152  feet ;  12 
inch  for  189  J  feet,  or  to  a  total  depth  of  439^  feet.     The  water  over- 
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flows  the  surface  at  the  rat€  of  H  million  gallons  per  24  hours.  The 
level  does  not  vary,  but  after  heavy  rains  the  (quantity  increases :— 


Ft.  In. 

/Clay  and  Soil 

...     2  3 

Gravel 

...   17  0 

yjLatj      • . .               •  •  • 

...     2  9 

Sand  and  Gravel 

...     0  9 

• 

Marl... 

...     1  0 

Sand  and  Gravel 

...     2  9 

Pi 

Marl  ... 

...     8  6 

Sand  with  Boulders 

...     4  9 

Gravel 

...     3  0 

Warp  .. 

...     5  9 

y Brown  Marl   ... 

..5  3 

Kininieridge  Clay 

...  44  3 

Rock    . . 

...  21  0 

Very  Hard  Rock 

...  2>  6 

Light   Compact   Rock 
Hard  Rock     

Ft.  lu. 
9  0 

34  6 

Black  Coloured    Hard 
Rock 

9  0 

Open  Rock,  with  hard 
binds 

19  0 

Hard  Rock     ... 

94  0 

Soft  or  Shaly  Rock     . . 
Hard  Rock     ... 

8  0 
86  0 

Rock,  strong  bind 

Close  Rock,  mixed  with 
Shale  and  Sand    ... 

4  5 
14  6 

Blue  Shaly  Clay 

16  6 

Total         ^ 

139  6 

Beneath   the   C/ia/k  of  Yorkshire  the  underlying  strata  have 
been  uplifted  by  a  gentle  anticlinal,  from  which  the  beds  northward-? 
and  southwards,  the  summit  of  this   anticlinal  axis  ha^  been  trun- 
cated and  denuded,  before  the  deposition  of  the  chalk,  which  re.sts 
upon  the  Kimmeridge  Clay  at  Sherburn  and  the  Lias  at  Huggate, 
where  the  upper  beds  of  tlie  Lias  were  penetrated  by  a  deep  well. 
At  Bridlington  Quay  occurred  the  following  section  : — 
Brown  Boulder  Clay  .  ...         ...         28  ft. 

Hard  Conglomerate,  FHnts  and  Chalk        ...         ...         15  „ 

Vy  naiK  ...         ...         •••         ...  .  ...         vxi 

An  artesian  supply  of  good  water  was  obUiined,  which  ebbed  and 
llowed  with  the  tide.  Drift 

Professor  Phillips  [Geology  of  Yorkshire,  p.  280,  Part,  l]  long 
since  pointed  out  that  glacial  drift  fills  up  an  old  sea- loch  at  the 
Vale  of  Pickering,  and  which  contain  a  water-bearing  gravel  under- 
lying Boulder  Clay  varying  from  80  to  oo  feet  in  thickness,  ilany 
artesian  borings  have  l^een  made,  the  deepest  being  that  at  Yeddiug- 
liam,  in  the  middle  of  the  Vale  ;  they  vary  from  68  to  95  feet  in 
depth,  and  the  water  rises  by  artesian  pressure  from  5  to  20  feet 
above  the  surface  of  the  ground. 
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THE  DUGGLEBY   "  HOWE." 


BY   REV.    K.    MAULE  COLE,   M.A.,   F.G.S. 

The  high  summits  of  the  Wolds  are  covered  with  tumuli  erected 
by  some  ancient  British  race  in  the  early  age  of  bronze.  Indeed,  so 
old  are  they  that  only  in  about  12  per  cent,  have  any  bronze  relics 
been  found,  the  weapons  consisting  almost  entirely  of  flint.  Two  of 
these  tumuli  tower  pre-eminently  above  their  fellows,  and,  curiously 
enough,  both  are  found  in  the  great  Dale,  which,  starting  at 
Wharram-le-Street  in  an  easterly  direction,  terminates  at  Bridlington. 
One,  called  "  Willy  Howe,"  stands  midway  between  Wold  Newton 
and  North  Burton  :  the  other  is  situated  at  the  opposite  extremity, 
at  Duggleby,  between  Wharram-le-Street  and  Kirby  Grindalyth. 
The  former  was  opened  by  the  late  Lord  Londesborough,  but 
nothing  of  interest  was  discovered.  Probably  the  persons  employed 
were  not  sufficiently  trained  to  their  work,  and  many  things  were 
overlooked.  Subsequently  Canon  Greenwell  re-opened  it,  and 
ascertained  that  there  had  been  a  grave  at  the  bottom,  thus  proving 
it  to  liavc  been  a  sepulchral  mound.  The  other  has  just  now  been 
opened  by  Sir  Tatton  Sykes,  with  very  remarkable  results. 

The  work  was  entnisted  to  the  care  of  Mr.  J.  R.  Mortimer, 
whose  skill  and  experience  admirably  qualified  him  for  the  task. 
Operations  commenced  on  July  21st,  and  lasted  for  six  weeks  ;  the 
force  at  his  disposal  numbering  on  an  average  ten  men,  amongst 
whom  were  three  experienced  hands,  Thomas  Hebb,  Philip  Fisher, 
and  Samuel  Sedgewick. 

The  mound  was  found  to  be  18  feet  high  at  the  western  end  and 
22  feet  at  the  eastern.  The  original  summit  had  been  worn  down  or 
removed  so  as  to  constitute  a  somewhat  level  platform  47  feet  in 
diameter.  The  base  of  the  mound  showed  a  diameter  of  more  than 
120  feet.  It  was  soon  ascertained  from  scattered  human  bones 
belonging  to  two  bodies,  and  numerous  fragments  of  Anglo-Saxon 
and  mediaeval  pottery,  iron  scissors,  carved  bone,  combs,  &c.,  that 
interments  had  taken  place  of  a  more  recent  date  than  the  original 
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constraction  of  the  mound,  and  that  these  had  been  disturbed  by  a 
previous  opening.  It  appears  that  about  the  year  1798  the  Rev. 
Christopher  Sykes,  brother  of  tiie  kte  Sir  Tatton,  made  an  attempt 
to  open  the  "  Howe/'  but  abandoned  the  task  after  penetrating  to  a 
depth  of  about  8  feet  from  the  present  summit  It  next  became 
apparent  that  this  previous  excavation  had  partially  destroyed  a 
cross  of  clay,  2  feet  in  thickness,  orientated,  with  arm»  about  10  feet 
long,  somewhat  similar  to  the  buried  crosses  found  at  Fimber, 
Wetwang,  Swinton  and  Helperthorpe,  whose  uses  are  unknown, 
though  supposed  by  some  to  be  Roman  agri-mensorial  marks.  iix» 
of  iron,  animal  bones,  and  numerous  fragments  of  Anglo-Saxon 
pottery  were  found  embedded  in  the  arms  of  tiiis  cross,  either  from 
subsequent  disturbance,  or  because  the  cross  itself  had  been  con- 
structed in  the  tumulus  later  tlian  Roman  times. 

The  upper  and  outer  portion  of  the  mound,  as  will  be  seen  from 
the  section,  consisted  of  rough  })ieces  of  quarried  chalk,  but  at  a 
depth  of  9^  feet  in  the  centre  of  the  flattened  top,  an  unbroken  M 
of  dark  blue  clay,  12  inches  thick,  wjis  met  with,  which  constituteil 
the  covering  of  an  inner  mound,  whose  centre  did  not  i\}\\te  coincide 
with  that  of  the  outer  mound.  The  clay  is  that  known  as  the 
Kimeridge,  which,  from  the  denudation  of  the  chalk  in  the 
immediate  neighbourhood,  is  exposed  at  the  surface,  and  therefon* 
easily  procurable. 

We  were  now  clearly  entering  on  a  region  entirely  unext>h)re«l 
l>etore.  The  undisturbed  bed  of  clay  wjis  succeeded  by  a  concentric 
ring  of  small  chalk  grit,  4i  feet  in  thickness.  In  this  grit,  at  variou« 
levels,  were  found  a  great  number  of  little  discs  of  cremated  l>ones,  a? 
shown  in  the  ground  plan,  nine  or  ten  inches  in  diameter,  but  with- 
out any  urns,  or  indeed  any  relics,  except,  in  three  cases,  remains  •»! 
bunit  bone  pins.  Cremation  is  said  to  be  a  sign  of  the  introdiu*ti«»n 
of  the  bronze  age  ;  but  the  cremated  bones  were  geneniUy  plaoe<l  iu 
urns,  whilst  here  there  were  no  urns,  nor  was  any  trace  of  bmuze 
found.     Hence  this  tumulus  must  claim  a  very  high  antiquity. 

Below  the  grit  a  mass  of  clay,  of  a  different  kind  from  that 
noticed  above,  was  met  with,  about  5^  feet  thick,  resting  m  the 
original  surface  soil.     In  this  clay,  as  in  the  grit  above,  iUh-s  '"f 
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Section  of  TcMULrs. 

a.  Supposed  Original  Height. 

6.  Rough  Quarried  Chalk. 

c.  Blue  Kimeridge  Clay. 

d.  Fine  Chalk  Grit. 

f..      Reddish  Brown  Clay. 


Scale  :  1  inch  =  30  feet. 


o  o 
o     o 


<9%S% 


o  ° 

O         qO      O 
O  O   o 


Ground -Plan  showing  position  of  Cremated  Bones. 


Cole:  The  Dikujleby  Tumulus. 
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cremated  bones  were  found,  suggesting  that  a  number  of  persons 
were  sacrificed  and  burnt  at  the  time  that  the  mound  was  being 
raised  over  the  remains  of  some  illustrious  chieftain.    Proceeding 
downwards,  and  testing  the  ground,  a  grave  was  met  with  under  the 
centre  of  the  mound,  excavated  8^  feet  in  the  solid  rock.    This  is  an 
unusual  depth,  the  ordinary  depth  in  the  tumuli  on  the  Yorkshire 
Wolds  being  only  about  3  feet  or  4  feet  below  the  surface  level, 
and  this  fact,  combined  with  the  extraordinary  dimensions  of  the 
Duggleby  tumulus,  warrants  us  in  supposing  that  a  mighty  ruler 
and  warrior  was  buried  here,  whose  fame  and  power  extended  over  a 
considerable  portion  of  tlie  Wolds.     Close  by  was  a  shallow  grave, 
excavated  only  1  i  feet  in  the  solid  rock,  in  which,  together  with  a 
body  doubled  up  in  the  usual  way,  were  found  6  worked  flints,  13 
flakes,  10  tusks  of  the  boar,  and  a  fine  bone  pin,  9(  inches  long.     In 
the  larger  grave  in  the  centre,  which  had  a  diameter  of  11  feet,  and 
was  nearly  circular,  three  bodies  had  been  interred.   One,  only  a  foot 
from  the  top,  was  accompanied  by  several  beautiful  objects,  e,g,,  a 
diamond-shaped  arrow-head,  a  fine  perforated  hammer-head,  made  of 
the  root-end  of  the  antler  of  the  red  deer,  and  a  very  fine  polished 
flint  axe,  9 J  inches  long.     At  the  bottom  of  the  grave  was  the 
skeleton  of  an  adult,  and,  near  the  knees,  a  semiglobular  food  vase, 
so  completely  crushed  as  to  be  beyond  all  hope  of  repair.     9  flint 
flakes  and  2  rough  cores,  from  which  flakes  had  been  struck,  were 
also  found  with  this  interment.     It  is  a  matter  of  conjecture  which 
of   these  two   bodies  was  the  principal  one.     The  beauty  of  the 
weapons  would  seem  to  point  to  the  upper  one,  whilst,  on  the  other 
hand,  the  position  at  the  base  is  that  usually  assigned  to  the  most 
important  personage. 

Between  the  large  central  grave  and  the  shallow  one  close  by 
lay,  on  the  old  surface  level,  the  remains  of  a  tall  man  whose  femur 
measured  20  inches.  The  body  had  been  deposited  on  the  edge  of 
the  large  grave,  and  in  the  process  of  settlement  the  head  and 
shoulders  had  sunk  about  a  foot  below  the  other  portions  which 
rested  on  undisturbed  ground.  In  front  of  the  face  was  found  a 
very  beautiful  flint  knife,  of  an  uncommon  type,  groimd  down  on 
both  sides,  and  extremely  thin. 
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Altogether  eleven  perfect  ekdetons  and  5S  discs  <rf  cremated 
haman  bones  were  met  with  is  the  oontse  trf  exploratkni,  and  the 
whole  of  then  found  nndemeath  the  oDdistoibed  bine  clay  wluch 
oonstatnted  the  covering  of  the  inner  mooud.  It  miut  also  be 
noticed  that  detached  fragments  of  oubnmt  bnmaa  btmes  were  met 
with  here  and  tiiere,  and  notably  portiona  of  the  skdls  (^  in&ntL 
These  must  have  been  thrown  in  haphaxard  as  the  motmd  was  being 
msed. 

The  opening  of  this  interesting  tnmnlus  "by  Sir  l^ttoa  Sykes, 
nnder  the  able  supervtsion  of  Mr.  J.  B.  Morthner,  yieUU  the  follow- 
ing important  reanlts : — 
I.  That  the  weapons  are  all  of  flint  of  the  polidted  stone  age. 
3.  That  no  trace  of  bronze  was  met  with. 
3.  That  no  urns  or  renuuns  of  pottery  were  found  with  die  solitaty 

exception  of  the  food  vase  mentioned  above. 
And  4 — a  fact  which  is  quite  unique  in  the  records  of  other  open- 
ings of  tumuli  in  England — that  no  less  than  53  deposits  of 
burnt  human  bones  were  discovered  lying  above  the  interred 
remains,  in  little  shallow  holes  an  inch  thick,  either  in  the 
chalk  grit  or  underlying  brown  clay. 
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BT  J.   R.   MORTIMER. 

In  my  previous  paper  I  have  shown  that  the  site  of  Fimber  had 
been  long  occupied  in  Pre-Romau  times.  In  this  paper  I  hope  to 
give  sufficient  evidence  to  show  this  village,  or  some  place  near  to  it, 
to  be  the  probable  site  of  the  long  lost  Delgovitia. 

Between  Fimber  and  Wetwang,  in  the  valley  called  "Bessingdale," 
near  the  comer  of  a  British  entrenchment,  at  a  point  designated 
"  Blealands  Nook,"  where  the  railway  crosses  the  green  lane,  a 
Romano-British  grave  yard  has  been  discovered.  At  this  place 
(see  accompanjring  map)  the  Roman  road  from  Malton  to  Beverley 
(Petvaria?X  crossed  that  from  York  (Eboracum),  through  Brid- 
lington to  Flambro  (PrcBtorium  ?), 

The  first  discovery  in  this  graveyard  was  made  in  December, 
1868,  in  fixing  the  telegraph  post  which  stands  where  the  railway 
crosses  the  green  lane.  The  body  of  an  adult  was  then  removed  by 
a  workman,  but  no  relics  were  observed  with  it.  A  notice  of  this  dis- 
covery was  published  shortly  after  in  the  Malton  Messenger,  and  in 
the  York  Heraldy  in  which  notice  it  was  erroneously  stated,  that  the 
body  was  accompanied  with  flint  tools. 

The  second  body  was  discovered  in  March,  1873,  by  labourers 
planting  quickwood  along  the  south  side  of  the  railway,  20  yards 
south-east  of  the  body  at  the  crossing,  and  was  said  to  be  in  a 
doubled-up  position,  with  its  head  towards  the  north.  Nothing  was 
associated  with  it.  This  discovery  being  made  known,  I  obtained  the 
skull  from  the  workmen,  and  got  permission  from  the  North-Eastem 
Railway  Company  to  make  further  search  within  the  boundaries  of 
the  line.  During  May  9th  and  10th,  1873,  and  several  succeeding 
days,  I  examined  the  ground  between  the  quickwood  fence  and  the 
embankment  of  the  line,  and  at  the  point  marked  "A"  on  the 
accompanying  plan  a  small  grave-shaped  hole  was  met  with  about 
2  feet  deep,  containing  dark  soil,  mixed  with  bits  of  burnt  wood,  and 
a  few  calcined  human  bones,  but  no  relics.  A  body  (No.  3)  lay  3  feet 
10  inches  deep  in  an  oval  grave,  7  feet  by  8^  feet,  on  its  left  side,  the 
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knees  much  drawn  up,  botii  arms  bent  over  the  abdomen,  and  the 
head  pointing  a  little  east  of  north,  the  femur,  tibia,  and  humerus 
measured  respectively  16, 12,  and  11  inches,  and  were  probably  those 
of  a  female.  The  right  humerus  was  more  than  1  of  an  inch  longer 
than  the  left  one.  About  8  inches  under  the  feet  of  this  body  was 
the  tibia  of  a  stag  or  small  ox ;  whilst  at  a  depth  of  8  feet  under  No. 
3  lay  a  body  (No.  5)  on  its  chest,  extended  at  full  length,  except  the 
right  leg  which  was  slightly  bent  at  the  knee;  the  left  arm  was  bent, 
with  the  hand  under  the  pelvis,  and  the  right  arm  was  laid  straight  by 
tiie  side  of  the  body,  the  head  pointed  in  the  same  direction  as  the  head 
of  the  body  No.  3.  The  femur  measured  171  inches,  the  tibia  131 
inches,  the  humerus  12^  inches,  and  belong  probably  to  a  male. 

A  body  (No.  4)  was  placed  about  20  feet  east  of  the  last  one. 
in  a  grave  similar  in  form  and  size.  This  body  rested  on  the 
left  side  with  the  head  directed  a  little  east  of  north ;  the  knees  were 
much  drawn  up,  and  both  the  hands  were  placed  in  front  of  the  face. 
The  femur  measured  18  inches,  the  tibia  13},  and  the  luimenis  I2§ 
inches.  A  body  (No.  6)  was  placed  3  feet  deep,  it  was  much  doubleil 
up,  and,  except  that  it  was  laid  on  the  right  side,  its  posture  was  the 
same  as  No.  4.  The  femur,  tibia,  and  humerus  measured  16i,  12 i. 
and  12  inches  respectively.  About  12  feet  east  of  the  last  grave  a 
similar  one  was  found,  but  the  interment  had  been  disturbed  at  the 
time  of  ))lanting  the  quickwood  fence,  and  most  of  the  bones  had 
been  broken.  Near  to  the  bodies  No.  3  and  5  was  the  greater 
portion  of  the  skeleton  of  a  pig,  within  a  rude  cist  of  large  chalk 
stones.  We  found  several  places  where  the  white  chalk  gravel  of  the 
valley  bottom  had  been  excavated  and  refilled  with  dark  soil,  freely 
mixed  with  broken  and  unbroken  animal  bones,  and  also  with  numerous 
fragments  of  many  kinds  of  coarse  Roman  pottery,  but  it  was  obser\'eil 
that  no  potsherds  accompanied  the  bodies  in  any  of  tlie  graves. 

Second  Examination^  February  20th,  1874, — A  further  exami- 
nation was  commenced  in  that  part  of  the  adjoining  field  contiguous 
to  the  north  side  of  the  line.  The  first  discovery  was  a  bo<ly  (No.  7) 
placed  in  an  oval  grave,  6  feet  by  4j  feet  and  2i  feet  deep,  in  the 
position  shown  on  the  plan.  The  femur  measured  15}  inches;  the 
tibia  12^  inches;  the  humenis  1  If  inches:  and  the  bones  probably 
belonged  to  a  small  female. 


Proc.  Yorksh.  Gcol.  A  Polyt.  Soc.  Vol.  XI..  PI.  XiX 


P 
u 

a 


MORTIMER:   PRE-HISTORY   OF  THE  VILLAGE  OF  HMBER.         447 

No.  5  lay  4^  feet  north-west  of  the  last,  at  a  depth  of  3  feet,  and 
also  on  the  floor  of  an  oval  shaped  grave.  The  femur  measured  16f 
inches,  the  tibia  4^  inches,  and  the  left  and  right  humeri  12  and  12^ 
inches  respectively,  and  though  short  were  of  strong  make,  probably 
those  of  a  male.  The  under  jaw  of  this  body  was  curiously  deformed, 
probably  from  some  injury  or  the  prolonged  growth  of  a  large  abcess. 
The  vertibraj  also  were  much  auchylosed. 

No.  9  was  doubled-up  like  the  last,  but  was  laid  on  its  left  side, 
at  a  depth  of  2 J  feet  beneath  the  surface.  The  femur  measured  17i 
inches,  the  tibia  14  inches,  and  the  right  and  left  humeri  12j  and  12f 
inches  respectively. 

No.  10.  The  position  of  this  body  was  similar  to  that  of  No.  9, 
except  that  it  had  the  legs  a  little  more  drawn-up,  the  knees  being 
within  7  inches  of  the  chin.  The  femur  measured  161  inches,  the 
tibia  13 j  inches,  and  the  humerus  12 J  inches. 

No.  11  lay  4  yards  to  the  south-east  of  the  previous  one,  in  a 
like  position,  and  at  a  depth  of  only  10  inches ;  the  femur,  tibia,  and 
humerus  measured  16i,  12^,  and  Hi  inches  respectively.  Immediately 
beneath  this  body  lay  No.  12,  on  its  right  side,  and  in  a  less  flexed 
iwsition,  as  shown  in  the  plan.  The  femur  measured  16  inches,  the 
tibia  12  inches,  and  the  right  and  left  humeri  respectively  Hi  and  11 
inches. 

No.  13  was  the  body  of  a  young  person,  in  the  exceptional  posi- 
tion of  being  on  its  back,  with  the  head  to  the  south,  both  knees 
were  drawn-up  to  the  chest,  and  pressed  over  to  the  left  side,  the 
right  arm  was  doubled  with  the  hand  by  the  side  of  the  face,  the  left 
arm  extended  by  the  left  side.  The  femur  measured  12 J  inches,  the 
tibia  9i  inches,  and  the  humerus  8?  inches. 

A  little  ea.st  of  No.  11  was  a  dish-shaped  excavation,  marked 
'*  B "  on  the  plan,  2  feet  deep,  containing  wood  ashes  mixed  with 
calcined  human  bones.  Close  to  these  were  part  of  the  lower  jaw  of 
a  stag,  and  a  portion  of  the  jaw  of  a  large  pig.  This  dish-shaped 
excavation  had  been  made  in  a  filled-iu  trench  of  small  width. 

Third  Examination,  April  26th  and  27th,  1874, — On  these  days 
we  trenched  a  considerable  area  at  the  south-eastern  comer  of  the 
crossing  on  the  south  side  of  the  railway,  with  the  result  of  finding 
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body  No.  14  in  an  oval  graTO  2|r  feet  deep.  Its  poeiti<m»  exoepliiig 
the  anna,  was  almost  esnctly  tbe  same  as  Na  IS.  The  left  thiig^ 
bone  was  absent,  and  had  probaUy  hem  removed  in  diggpog  for 
rabbits.  The  right  femur  measnred  17i  inches ;  tibe  rig^t  tibia  13f 
inches;  the  left  tibia  19^  inches;  the  ri^t  hnmonis  13|  iikdies;  and 
the  left  humeros  12i  inches.  In  the  neighbonrhood  of  the  last  body 
the  ground  had  been  much  disturbed,  and  in  sevmJ  places  small 
trenches  were  observed  running  north  and  south,  or  neariy  in  that 
direction.  Mixed  with  the  soil  filling  these  trenches  irere  a  few  fiag- 
ments  of  dark-coloured  pottery,  and  the  teeth  and  bones  ijf  animals. 

Just  within  the  line  of  the  ndlway,  near  the  south  side  of  the 
quick-wood  fence,  and  about  20  yards  south-east  of  body  No.  14 
was  a  small  grave  2|  feet  deep,  contdning  the  remains  of  a  goat, 
which  had  been  buried  in  its  flesh,  as  all  the  bones  were  in  poation. 

We  believe  there  can  be  little  doubt  that  the  bodies  exhumed  at 
Blealands  Nook  are  part  of  those  of  a  Romano-British  cemetery,  and 
that  many  more  lie  under  the  railway,  the  embankment  of  which 
covers  an  area  of  41  feet  wide  running  through  the  centre  of  the 
cemetery,  and  as  there  is  nothing  on  the  surface  to  indicate  their  ex- 
istence, probably  many  more  remain  undiscovered  outside  the  railway, 
though  we  have  examined  the  ground  in  several  places.     The  oval 
form  of  the  graves  and  the  flexed  mode  of  disposing  of  the  bodies, 
except  in  one  case,  are  distinctly  British  features,  and  such  as  we  find 
in  nearly  every  barrow  ;  yet  the  almost  constant  orientation  of  these 
bodies  is  in  striking  contrast  to  a  similar  number  of  bodies  from  any 
British  barrows  known  to  me.     Out  of  the  twelve  perfect  bodies 
eleven  had  their  heads  to  N.  and  N.E.,  the  twelfth  was  to  S.S.W., 
whilst  six  rested  on  the  left  side,  four  were  on  the  righr,  one  on  the 
back,  and  one  extended  on  the  chest.     In  addition  to  the  bodies  by 
inhumation,  there  were  two  (a  and  b  on  the  plan)  by  cremation. 
What  is  also  exceedingly  interesting  is  the  fact  that  the  inhumed 
bodies  of  the  pig  and  the  goat  had  been  interred  with  the  same 
amount  of  care  as  had  been  given  to  the  human  bodies.     This,  how- 
ever, is  not  the  only  instance  of  the  discovery  of  carefully  interred 
animal  remains  in  this  neighbourhood. 

In  barrow  No.  172  of  my  openings  I  found  the  body  of  a  pig, 
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and  also  thtxt  of  a  young  goat  or  sheep,  both  sharing  the  same  grave 
with  the  body  of  a  Briton,  under  a  small  barrow;  and  Canon  Greenwell 
found  two  goats  accompanyiug  a  body  under  one  of  the  Danes  graves 
tumuli  near  Driffield  ;  whilst  a  horse  and  a  pig  accompanied  a  body 
in  one  of  the  barrows  on  Arras,  opened  by  the  late  Rev.  E.  Stilling- 
fleet  during  1817.*  At  Fimber  the  animals  had  cists  to  themselves. 
These  Romano-Britons  also  show  an  anatomical  feature  of  interest 
which  has  been  seldom  noticed  in  any  bodies  from  the  barrows. 

It  is  this ;  the  measurements  in  most  cases  show  a  marked  differ- 
ence in  length  and  strength  between  the  right  and  left  humeri.  Had 
the  bones  of  both  arms,  in  all  or  more  cases,  been  sufficiently  pre- 
served and  uninjured  to  have  admitted  of  a  careful  measurement, 
probably  there  would  have  been  more  striking  examples  of  this 
interesting  feature.  Might  not  this  unequal  length  and  strength  of 
the  right  arm  over  that  of  the  left  have  been  developed  by  the  con- 
stant training,  during  youth,  in  the  art  of  using  the  spear  and 
throwing  the  javelin  ? 

The  length  of  the  long  bones  show  them  to  have  belonged  to 
rather  small  persons.  It  will  be  observed  that  no  fragment  of 
pottery  was  found  in  any  of  the  graves,  though  it  was  found  with 
numerous  animal  bones  abundantly  in  disturbed  ground  and  trenches 
close  by.  Neither,  as  before  mentioned,  were  any  of  the  bodies 
accompanied  by  any  relics,  which,  in  this  feature  also,  contrasts 
greatly  with  barrow  burials  and  with  Anglo-Saxon  interments.  It 
seems  almost  certain  that  a  small  Roman  station  or  settlement 
existed  near  here  at  the  time  of  these  interments. 

This  appears  further  evident  from  the  existence  of  a  series 
of  filled-in  trenches,  arranged  somewhat  in  the  shape  of  a  gridiron 
near  the  south-west  side  of  the  graveyard  (fig.  13).  These  trenches, 
like  the  graves,  are  quite  invisible  on  the  surface,  but  being  mainly 
charged  with  rich  soil,  they  are  in  a  dry  season  indicated  by  green 
ribbon-like  lines  or  strips  in  the  growing  corn. 

The  plan  of  these  trenches  was  obtained  by  digging  numerous 
sections  during  the  summer  of  1874,  a  few  of  which  I  give  with 
measurements.     It  will  be  observed  that  they  differ  a  little  in  width 

♦  Oliver's  History  of  Beverley,  p.  4. 
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and  depth  (which  may  be  due  to  the  slight  variations  in  the  sur&oe 
level  of  the  land,  and  firom  the  makers  endeavouring  to  keep  the 
bottom  of  the  trenches  tolerably  clear)  but  they  averaged  about  5  feet 
in  depth,  and  varied  in  width  at  the  tops  from  6  to  14  feet,  and  at 
the  bottom  from  1  foot  to  2}  feet. 

It  is  difficult  to  understand  the  special  purpose  this  system 
of  trenches  served.  But  the  single  trench  running  north- 
westwards may  at  times  be  traced  by  a  green  strip  in  the  growing 
corn,  extending  all  the  way  along  the  valley  bottom  to  within  a  mile 
of  Burdale,  where  a  surface  stream  of  water  from  a  fine  spring  there 
disappears  beneath  the  turf.  I  obtained  a  section  of  this  treuch 
(July,  1884)  at  a  point  only  half-a-mile  from  the  sinking  end  of  this 
stream.  Therefore  this  trench  may  have  been  connected  with  the 
Burdale  ^spring,  whose  water  it  conveyed  (probably  through  pipes 
made  of  hollowed  trunks  of  trees)  to  the  series  of  trenches  at 
Blealaiids  Nook  to  supply  with  water  a  settlement  there.  If  this 
surmise  be  correct,  we  have  indications  of  a  system  of  waterworks 
greatly  in  advance  of  any  recent  arrangement  to  supply  this 
neighbourhood  with  good  water.  This  extended  line  of  trentli, 
running  towards  the  Burdale  spring,  has  shown  itself  in  the  corn 
crops  every  dry  summer  since  I  can  remember.  Indeed  its  jo^reeii 
appearance  was  noticed  by  tlie  old  men  of  the  neighbourhood, 
especially  my  father,  whose  land  it  crossed  about  1^  mile«  west 
of  Blealands  Nook,  and  was  thought  to  be  the  result  of  a  subter- 
raneous stream  or  watercourse  which  existed  beneath  and  gave 
moisture  to  the  laud  above.  If  these  trenches  were  not  nimle  to 
convey  water,  might  they  have  been  for  a  defensive  purpose  ^  viz.. 
a  series  of  trenches  from  the  shelter  of  which  slingers  and  javeliii- 
men  ctist  their  projectiles  in  protecting  this  crossing  of  roads  and  in 
defending  their  dwellings,  some  of  which  may  have  been  arranged 
in  rows  in  the  spaces  between  the  trenches,  whilst  the  trench  ex- 
tending westwards  may  have  been  a  covered  way. 

These  trenches,  as  before-mentioned,  were  filled  with  dark  soil, 
containing  many  animal  bones,  and  much  broken  Roman  potten*. 
showing  this  spot  to  have  been  occupied  in  Roman  times.  Besides 
these  we  found  a  disc  of  bone  (fig.   1),  having  on  one  side  eiglit 
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small  cup-shaped  hollows,  which  may  have  been  used  as  a  counter  in 
some  game  resembling  dice.  There  were  also  found  a  rough  pear- 
shaped  piece  of  chalk  (fig.  2),  pierced  near  the  small  end,  which 
had  probably  served  as  a  weight  or  plummet ;  a  fiat  polished  piece 
of  chalk  (fig.  3),  with  lines  incised  on  one  side ;  and  a  sharp-pointed 
bone  implement  (fig.  4),  made  from  the  shank-bone  of  the  goat, 
which  has  a  small  hole  through  the  socket-end  to  secure  it  to  a 
handle.  It  is  quite  similar  to  several  bone  articles  found  at  Grim- 
thorpe  with  a  late  British  interment,  which  was  accompanied  with 
an  iron  sword  in  a  bronze  sheath,  the  bronze  covering  of  a  circular 
shield  and  other  articles*  described  by  me,  and  figured  in  the 
Reliquary  for  January,  1869,  (fig.  5.) 

The  many  animal  bones  found  everywhere  in  tlie  trenched 
ground  were  chiefly  those  of  the  horse,  always  detached  and  often 
broken,  showing  that  the  flesh  of  this  animal  had  afforded  a  large 
portion  of  food  to  the  occupiers  of  this  settlement.  This,  taken  in 
connection  with  the  relics  which  have  been  discovered,  seems  to 
indicate,  as  previously  pointed  out,  the  site  of  a  Roman  or  Romano- 
British  station,  protecting,  as  I  suggest,  the  crossing  of  three  Roman 
roads.  The  series  of  buried  trenches  already  described,  which  extend 
to  near  where  the  present  stream  disappears  beneath  the  surface, 
and  used  for  conveying  water,  is  just  such  a  provision  as  would  be 
required  at  a  station  holding  the  crossing  of  three  roads,  at  a  point 
where  no  natural  spring  exists.  A  work  of  this  kind  is  what  the 
Romans  would  be  likely  to  make,  who  have  always  shown  great  care 
in  the  suppl3ring  water  to  their  camps  and  stations  whenever  required. 

Names,  implying  Roman  origin,  still  linger  in  the  immediate 
neighbourhood.  The  present  road  going  up  the  hill  near  Fimber 
Station  northwards  in  the  direction  of  Wharram-le-Street  and  on  to 
Malton  is  called  "  High  Street,"  and  a  dale  leading  from  Fimber  to 
Burdale  is  called  "  Haggdale  and  Haggdale  Cliff*,"!  names  which 
seem  to  recall  their  Roman  origin,  whilst  the  ground  at  the  north- 
west comer  of  the  entrenchments  which  enclose  Fimber  is  called 


*  Now  in  the  British  Mnsenxn. 

f  Haggdale,  probably  derived  from  the  Roman  Agger,  a  bank  or  monnd, 
80  there  are  remains  of  large  ditohes  and  banks  crossing  this  dale. 
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"  Peasborough"  (which  probably  means  road  to  the  Camp),  and  a 
little  eastwards  along  the  same  entrenchments  the  fields  are  named 
"  Scaleborough."  These,  as  well  as  the  aflSx  "  ber"  in  Fimber,* 
plainly  indicate  the  locality  of  a  camp  or  fortified  place. 

The  iron  spear-head  (fig.  21)  found  in  the  diy  summer  of  1884 
in  the  mud  at  the  bottom  of  the  most  easterly  mere  in  the  centre  of 
the  village,  may  have  belonged  to  a  Roman  soldier  ;  whilst  in  the 
centre  of  the  village,  between  the  two  meres,  was  a  small  hole  which, 
when  I  was  a  boy,  held  water,  it  was  then  known  by  the  name  of 
well-hole,  spring-hol**,  and  frost-hole.  This  place,  if  examined,  might 
prove  to  be  a  Roman  well  and  yield  relics  of  much  historical  value. 
In  the  York  Museum  is  a  fine  cinerary  Roman  urn,  of  glass,  ticketed 
"  found  near  Wharram-le-Street,  on  the  Roman  road  passing  Pimber, 
in  1820,  and  presented  by  the  Rev.  J.  W.  Stillingfleet."  In  a  straight 
line  H  miles  S.S.E.  from  Blealand's  Nook,  in  the  direction  of 
Beverley,  is  a  little  valley  called  "  Thorndale,"  which  is  certainly  on 
the  line  of  this  old  Roman  road  from  Malton  to  Beverley.  Professor 
Phillips  saysf  "  thorn  is  seldom  far  from  old  camps  or  mounds  of 
importance."  From  Thorndale  this  old  road  is  in  places  distinctly 
traceable  in  a  straight  line  towards  Beverley.  It  crosses  Tibthorpe 
Wold  close  to  the  farmhouse  called  "  Angas  Farm,"  where,  in  the 
year  1850,  in  excavating  for  a  well  on  the  north  side  of  the  house, 
several  bodies  were  exhumed,  but  their  positions  were  not  observed, 
neither  is  it  known  whether  they  were  accompanied  with  any  relics 
or  not.  About  one  mile  S.S.E.  this  old  road  is  well  shown,  running 
obliquely  over  the  north  side  of  Bainton  Heights,  in  a  line  with 
Bainton  and  Beverley. 

The  existence  of  a  Roman  station  near  the  site  of  our  discovery 
is,  to  my  knowledge,  first  intimated  in  1847  by  John  Yonge 
Akerman,  in  his  "  Arclueological  Index,  page  148,  where  lie  presumes 
Fimber  to  be  the  site  of  Delgovitia.  This  site  is  also  favoured  hy 
Prof.  Phillips,^  who  is  inclined  to  Derveutio  being  at    **  Stamford 


♦  Anciently  Bpelt '*  Fin-mere"  without  the  *b;'  probably  this  was  a  local 
corruption,  originating  from  the  existence  of  two  fine  meres  in  the  centre  of 
the  village,  and  that  the  present  8p>elling  is  a  survival  of  the  meaning  of  the 
name. 

t  Rivers,  Mountains,  and  Sea-Coast  of  Yornshire,  p.  242 
J  Rivers,  Mountains,  and  Sea-Coast  of  Yorkshire,  pp.  241-42. 
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'*  Bridge,  and  Delgovitia  somewhere  about  Huggate  (great  banks),  or 
*'  Wetwang,  and  Prsetorium  at,  or  near,  Bridlington."  He  also  adds. 
"  Roads  which  appear  to  be  of  the  Roman  period,  lead  from  Malton 
**  towards  the  Wolds,  as  by  Wharrara-le-Street  towards  the  point 
"  between  Fimber  and  Wetwang,  agreeing  with  the  supposed  position 
"  of  Delgovitia  on  the  road  to  Bridlington."  If  we  regard  the  ceme- 
tery between  Wetwang  and  Fimber  and  other  remains  to  be  the 
approximate  site  of  Delgovitia  Bridlington  is  too  near  to  be  Pra5- 
torium,  but  there  may  have  been  a  small  coast  station*  at  Bessingby, 
near  Bridlington,  where  are  remnants  of  earthworks,  and  from  which 
an  old  hollow  road  strikes  off  into  the  main  Roman  road  leading 
through  Bridlington  and  on  to  Flam  borough  (Prcetorium). 

Many  Roman  coins  have  from  time  to  time  been  picked  from 
the  surface  of  the  land  near  the  crossing  of  the  Roman  roads  and  in 
other  places  near  Fimber,  most  of  which  have  not  been  preserved. 
Two  of  several  picked  up  during  the  winter  of  1885,  near  Blealands 
Nook,  by  a  shepherd,  are  in  my  possession.  The  one  is  of  Constan- 
tine,  the  other  of  the  son  of  Constantino. 

Let  us  now  follow  this  Roman  road  from  York  to  the  sea,  and 
by  the  aid  of  the  map  we  shall  find  that  on  its  leaving  Stamford 
Bridge,  passing  along  Garrowby  Street,  past  Wayrham,  and  a  little 
before  reaching  Fridaythorpe,  it  bifurcates,  one  branch  (called  by  the 
old  inhabitants  **Low  Street"),  passing  along  the  Green  Lane,  near 
Holmfield,  to  Blealands  Nook,  the  site  of  our  Romano-British  grave- 
yard, then  on  to  Kilham,  and  straight  along  the  old  road  known  as 
"  Wold  Gate,"  through  the  old  streets  of  Bridlington,  called  **  West 
Gate"  and  "High  Street,"  and  straight  along  the  old  terrace-like 
bank  near  Sewerby,  named  *' Under  Gate,"  to  Flamborough,  which 
very  probably,  as  before  mentioned,  was  Piertorium. 

Bridlington  has  not  sufficient  natural  features  to  recommend  it 
as  a  secure  place  for  an  important  terminal  station. 

*  JiiBt  lately  (1S85)  Mr.  BoyntoD,  of  Ulrome,  has  diflcovered  on  his  farm, 
lis  miles  south  of  Bessingby,  a  fiUed-in  trench*  apparently  the  vaUura  of  one 
side  of  a  small  Roman  Camp  belonging  to  one  of  the  line  of  garrisons  whioh 
were  plaoed  along  the  east-coast  to  protect  the  country  from  the  invasions  of 
the  Saxons,  who  even  then  made  several  attempts  to  gain  a  landing.  This 
vallnm  oontained  animal  bones  and  gpreat  nnmbers  of  fragments  of  all  kinds  of 
Boman  Pottery. 
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During  Roman  times,  the  now  ezistiog  bay  was  land  stretching 
£Bff  out  to  8ea»  probably  nearly  in  a  line  with  Flamborough  Head,  and 
only  a  small  bay  then  existed  *  The  site  of  Flamborough,  however, 
possesses  rare  advantages :  from  the  sea  it  would  be  almost  impr^- 
nable,  whilst  on  the  land  side  is  one  of  the  most  perfect  and  gnmd 
artificial  earth-works  of  its  kind  in  England,  known  as  "Danes' 
Dyke."  lliis  stupendous  rampart,  resembling  more  the  Roman  earth- 
works than  the  ancient  British  entrenchments  of  the  neighbourhood, 
but  which  certainly  is  not  later  tluui  Roman  times,  reaches  from  sea 
to  sea,  cutting  off  the  promontory  and  forming  a  vast  and  almost 
impregnable  camp,  whilst  Filey  is  at  an  easy  distance,  and  would 
then  be  a  safe  bay  for  a  large  number  of  Roman  galleys,  and  as  there 
exists  near  the  ''Brig"  remains  of  the  foundations  apparently  of 
an  old  pier,  believed  to  be  Roman,  this  place  was  probably  the  well- 
havened  bay  of  Ptolemy,  and  could  readily  communicate  either  by 
land  or  by  water  with  Flamborough  (Prwtorium). 

We  will  now  follow  the  other  branch  road  (the  old  name  for 
which  is  "High  Street,")  from  Fridaythorpe  through  Fimber, 
close  past  the  railway  station,  whero  it  is  also  crossed  by  the 
Roman  road  from  Malton  to  Beverley  ;  it  then  passed  through  Sled- 
nieref;  past  Cowlam,  where  about  1860  a  large  quantity  of  Roman 
coins,  many  of  which  1  possess  through  the  kindness  of  C.  Sykes,  Esq., 
M.P.,  were  found  in  a  vase,  and  where  are  extensive  old  foundations, 
probably  dating  back  to  Roman  times,  which  are  a  promising  field  for 
excavations ;  straight  on  to  a  point  between  Octon  and  Swaythorpe} 
where  there  is  a  supposed  Roman  camp.  Here  it  again  bifurcates, 
(me  branch  passing  northwards  a  little  to  the  north-west  of  Thwdingll 
(which  denotes  two  roads),  and  probably  along  the  old  raised  bank, 
crossing  the  fields  in  a  straight  line  close  to  the  left  of  Willy  Howe, 

*  A  rather  low  estimate  of  the  waste  of  these  friable  cliffs  during  1800 
years  mast  have  been  two  miles,  whilst  the  indurated  rock  of  Uie  **  Head"  has 
been  driven  in  bat  little. 

t  Here  the  late  Sir  Christopher  Sjkes  discoTered  a  portion  of  this  road  near 
the  Sled  mere  mere  laid  in  a  convex  form.  9  feet  wide,  6  to  7  inches  thick.  It 
was  over  2  feet  from  the  sarf ace.— Allan's  History  of  Yorkshire,  p.  14, 

X  Swaythorpe,  in  *'  Doomsday  Book,"  is  Soanetorp  and  Svavetorp. 

II  Derived,  according  to  Mr.  Uoldemess,  from  two  Anglo-Saxon  words 
**Tue,"  double,  and  **Geng,"  a  way  or  path,  meaning  two  roada.— Driffield 
Observer,  Sept.,  7th,  1878. 
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a  noble  laud-mark ;  and  then  on  to  Huumanby  and  along  North 
Gate  Road,  past  ^Fhoni  Balk  (denoting  the  site  of  a  camp)  to  Filey, 
where,  according  to  the  best  authorities,  there  was  a  Roman  port. 

The  other  branch  passes  to  the  south  of  Thwing  eastwards 
through  Rudstou,  Boynton,  and  joins  the  more  southern  and  direct 
line  to  the  sea,  a  little  to  the  west  of  Bridlington  on  the  road  to 
Flamborough.  *  Both  the  trunk  and  the  two  branches  of  this  road 
to  the  sea  ran  for  considerable  distance  by  the  side  of  British 
entrenchments,  which  also  seem  to  have  led  to  the  coast.  The 
old  writers  have  often  mistaken  these  entrenchments  for  Romau 
roads,  and  thus  muddled  the  two  together. 

If  we  now  compare  the  distances  between  the  stations  given  in 
the  first  iter  of  Antouine,  we  shall  find  that  Blealand's  Nook  and 
Fimber  agree  closely  with  the  given  position  for  Delgovitia  on  this 
line  of  stations. 

The  iter  gives  the  distance  l)etween  Eboracum  and  Derventio  as  vii. 
uiillia  passuum  which  are  e([ual  to  about  6i  English  miles,  which  is  the 
distance  between  York  and  Stamford  Bridge.  The  distance  between 
Derventio  and  Delgovitia  is  given  as  xiii.  millia  passuum,  which  nearly 
makes  12  English  miles,  the  approximate  distance  between  Stamford 
Bridge  and  Blealands  Nook,  the  site  of  our  discover}',  and  the  exact 
distance  between  Stamford  Bridge  and  the  village  of  Fimber.  Whilst 
the  distance  between  Delgovitia  and  Pnetorium  is  xxv,  millia  passuum, 
or  about  23  English  miles,  being  the  almost  exact  distance  between 
Fimber  and  Flamborough,  the  most  probable  Roman  Pnetorium. 
And  if  we  measure  the  distance  from  Fimber  along  the  northern 
branch  to  Filey,  it  nearly  reaches  the  distance  given  by  the  iter 
between  Delgovitia  and  Pnetorium. 

There  is  no  place  we  believe  that  answers  so  well  to  the  given 
distance  in  the  itinerary  or  has  a  better  claim  from  its  position  and 
discoveries  to  the  site  of  the  long-lost  Delgovitia  than  has  the 
immediate  neighbourhood  of  Fimber,  just  within  the  main  fork  in  the 
road  to  the  coast  where  it  is  crossed  by  the  Roman  road  from  Malton 
to  Beverley. 

*  Drake,  Take,  and  Newton  mention  this  Roman  road  between  Rndston 
and  Bridlington. 
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Fimber  is  about  midway  between  the  Roman  centre  Eboncum 
and  Pnetorium,  and  also  is  nearly  half-way  between  the  Roman 
station  at  Malton  and  that  at  Beverley.  It  is  true  that  no  trace  of 
the  ramparts  of  such  a  camp  as  we  might  expect  to  find  at  a  Bomaa 
flftation  has  as  yet  been  discovered,  but  then,  during  the  cultivation 
of  the  land  and  other  operations  of  the  husbandman  during  the 
lapse  of  fourteen  centuries,  it  is  highly  probable  that  in  this  case, 
as  in  many  others,  such  a  structure  has  long  since  been  swept  away ; 
though  it  is  not  improbable  that  the  filled-up  fosse  of  such  a  camp 
may  yet  be  discovered  ;  or  it  is  possible  that  Delgovitia  may  have 
been  more  a  trading  or  commissariat  depdt  from  which  the  Roman 
legions  were  fed  on  their  march  from  Eboracum  to  Praetorium,  on  the 
east  coast,  than  a  military  camp,  and  that  the  Romans  mainly  occu- 
pied the  site  of  the  village  of  Fimber,  and  as  suggested  by  the  Rev. 
J.  Wiltshire,"^  may  have  strengthened  and  made  use  of  the  extensive 
British  earthworks  which  have  surrounded  and  protected  this  village, 
and  wliicli  are  now  distinctly  traceable  on  the  surface,  resembling  a 
huge  camp,  as  shown  in  Part  1.  of  my  paper.f  In  support  of  this 
view  Professor  Phillips  in  his  Rivers,  Mountains,  and  Sea-Coast  of 
Yorkshire,  p.  246,  says,  "  Derventio  and  Delgovitia  may  perhaps  never 
have  been  marked  by  camps." 

Except  Fimber  being  the  presumed  site  of  Delgovitia  in  the 
**  Archseological  Index,"  and  Prof.  Phillips'  cautious  hint  that  Del- 
govitia may  have  been  somewhere  about  Huggate  or  Wetwang,  and 
that  the  point  between  Fimber  and  Wetwang  agrees  with  the  sup- 
posed site  of  Delgovitia  on  the  road  to  Bridlington,  I  know  of  no 
other  allusion  to  this  station  being  at  or  near  Fimber. 

I  think  the  Rev.  E.  M.  Cole,  in  a  recent  paper  *'  on  Ancient 
British  Entrenchments."  is  slightly  in  error  when  he  8ay>,  "  In  this 
case  Fimber  may  be  the  lost  Delgovitia  as  already  suggested  by 
Knox  and  Phillips."}  I  cannot  find  that  Knox  makes  any  allusion 
to  Delgovitia  being  at  Fimber.  I  am  pleased  however  to  find  Mr. 
Cole  is  now  more  favourable  to  this  site  than  at  the  reading  of  my 
paper  in  1884. 

*  In  the  Proceedings  of  the  Oeologists'  ABBodation.  No.  S,  1 662. 

t  Vol.  xi.,  pt.  ii.,  p. 
t  Proo.  Torksh,  Geol.  Polyt.  Soc,  Tol.  xi.,  p.  i,  1889. 
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From  the  discoveries  I  have  made  at  Blealand*s  Nook  and  other 
proofs,  I  think  it  may  be  admitted  that  the  Romans  occupied  the 
neighbourhood  of  Fimber,  which  is  on  the  line  of  the  most  direct 
n)ad  from  Eboracum  to  the  east-coast,  being,  as  before-mentioned, 
about  midway  between  the  two,  and  at  a  point  where  this  road  is 
intersected  nearly  at  riglit  angles  by  the  Roman  road  from  Malton  t^ 
Beverley,  and  therefore  just  where  a  Roman  station  would  certainly 
be  re<iuired.  This  site  (as  before  urged)  seems  to  possess  a  greater 
claim  to  l)e  Delgovitia  than  any  of  the  numerous  places  whicli  liave 
\H}en  previously  assigned  to  it.  I  therefore  hopefully  wait  for  further 
proofs,  from  future  discoveries,  to  support  my  views. 


A  SUPPOSED  ROMAN  CAMP  AT  OOTON.      BY  J.  R.  MORTIMER. 

These  earthworks  being  in  very  old  grass  are,  exce])t  the  west 
end,  in  excellent  preservjition  ;  but  had  the  ground  ever  been  under 
the  plough,  no  trace  r)f  the  ditch  and  two  ramparts  would  now  have 
been  visible,  and  future  excavations  would  only  have  discovered  the 
filled-in  trenches. 

The  present  appearance  is  that  of  two  nearly  square  contiguous 
camps.  They  are  situated  on  the  north  side  of  the  Roman  road  to 
the  coast,  in  a  rather  sheltered  and  secluded  place,  which  is  some- 
what unusual  for  a  Roman  camp.  This  camp  cannot  be  seen  until 
closely  approached,  yet  sentinals  placed  on  elevated  ground  a  few 
paces  away  would  be  able  to  see  the  advance  of  an  enemy  for  a  con- 
siderable distance  all  round,  and  quickly  signal  to  the  defenders 
within. 

Tlie  form  of  this  camp  is  shown  on  the  plan  (fig.  1 ).  Its  most 
eiistem  portion  is  quite  perfect,  and  mejisures  80  yanls  by  68  yards 
internally,  whilst  its  western  and  somewhat  larger  ])ortion  is  not  so 
I^erfect.  The  west  end  of  this  division  of  the  camp  is  obliterated  by 
the  foundations  of  old  buildings,  which  at  one  time  stood  upon  it. 

This  camp  possesses  a  very  uncommon  feature.  Its  main  and 
probably  only  entrance,  unless  there  was  one  in  the  west  end,  now 
fibliterat^l,  seems  to  have  been  by  a  deep  sunk  way  entering  its 
southern  side  through  the  outer  rampart  into  the  ditch,  and  coutinu- 
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ing  across  the  camp  as  fiur  as  the  northern  side  ditch,  thus  cutting  it 
into  two  neaily  equal  parts.  In  excavating  this  foss-way  across  the 
camp,  the  material  has  been  cast  on  both  sides  forming  two  banks  or 
ramparts,  hence  the  resemblance  to  two  nearly  square  contiguous 
camps ;  but  it  really  seems  to  be  only  one  .camp  in  the  form  of  a 
parallelogram  divided  into  two  compartments  by  this  sunk  entry.  It 
will  be  observed  that  to  gain  admittance  into  the  interior  of  the  camp 
without  scaling  the  ramparts,  it  would  be  necessary  to  traverse  the 
whole  length  of  the  foss-way  as  far  as  the  northern  side  of  the  camp, 
and  then  to  turn  and  pass  for  a  few  paces  to  the  right,  where  there  ia 
a  well-preserved  opening,  28  feet  wide,  through  the  inner  rampart, 
into  the  interior. 

By  this  ingenious  arrangement  ingress  was  rendered  extremely 
difficult  for  aL  enemy,  who,  after  forcing  the  outer  entrance 
gate,  would  have  to  make  his  way  almost  in  single  file  along  a  deep 
and  narrow  avenue  the  whole  width  of  the  camp,  and  for  a  short 
distance  along  the  northern  side  before  the  second  gate  leadini,' 
through  the  inner  rampart  into  the  interior,  as  sliowu  on  the  phiii, 
could  be  forced.  Such  a  well-defended  entrance  as  this  camp 
possessed  would  expose  an  enemy  passing  along  it  to  a  full  attack 
from  tlie  defenders  inside  the  ramparts  on  both  sides  of  the  passage, 
and  give  a  small  number  of  men  with  minor  weapons  great  resistive 
powers. 

It  is  true,  that  aft^r  forcing  the  outer  gate  of  the  subway,  th*^ 
attacking  party  would  enter  and  push  along  the  foss  running  round 
tlie  side  of  the  camp,  as  well  as  by  the  centre  passage.  But  st>  lon^' 
as  the  inner  rampart  was  unsealed,  the  enemy  in  the  trenches 
would  suflFer  greatly  from  the  defenders  sheltered  within  the  camp, 
and  soon  be  reduced  to  an  almost  lielpless  mass  of  woundeil  and 
dying  men.  Such  a  condition  of  things  would  block  the  trenches, 
impede  further  ingress,  and  act  somewhat  as  a  barrier  to  the  enemy 
without,  striving  to  scale  the  ditch  and  inner  rampart.  Probably  there 
would  also  be  a  similar  entrance  somewhere  through  the  inner  ram- 
part into  the  western  division  of  this  camp,  which  entrance  is  now 
obliterated  by  debris  which  at  some  time  has  been  carteil  and  in 
places  shot  into  the  foss-way. 


Pree.  Yorkin.  Gml    *  Polyt.  Soe..  Vsl.  XI.,  PI.  XXI. 


Fit  A.      Sj>lem  iif  Trenches  iit  Betwinpiule. 

0       Murk  [jlnces  where  (inivi's  were  found. 
FlCB.       S«:timi  iif  Trench.  i\  feet,  iiciow,  Ti  feet  in  fle|ith. 
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Through  the  kindness  of  Mr.  F.  Barugh,  the  occupier  of  the  land, 
1  am  able  to  show  you  (fig.  2)  a  section  of  the  ditch  and  two  ram- 
parts, taken  on  the  northern  side  of  the  camp  at  the  point  marked 
"  A  "  on  the  plan.  From  this  section  we  gather  that  the  material 
now  partly  filling  the  trench  is  sufiicient  to  have  raised  the  two 
ramparts  2  feet  higher  than  their  present  lowered  condition,  and  that 
originally  the  distance  from  the  bottom  of  the  foss  to  the  summit  of 
the  two  ramparts  was  not  less  than  1 1  feet,  whilst  this  formidable 
barrier  may  have  been  still  further  strengthened  by  palisades  fixed 
along  the  top  of  one  or  both  ramparts. 

By  its  covered  entry,  which  differs  entirely  from  the  level  entrance 
observed  in  the  well-recogniseii  Roman  camps,  such  as  those  at  Caw- 
thorn,  near  Pickering,  and  others  formed  on  the  strict  plan  of  "  Poly- 
bius,**  this  camp  is  admirably  mlapted  for  resisting  any  attack  from  an 
enemy.  Its  main  puri)ose  would  not  be  aggressive,  but  to  preserve 
communication  between  Eboracum  and  Filey,  the  well-havened  bay 
of  Ptolemy,  hence  the  probable  advantage  of  its  somewhat  hidden 
position. 

The  camp  may  have  been  constructed  and  occupied  by  a  detach- 
ment of  Romano-Britons,  who  were  allowed  to  arrange  the  entrance 
to  the  camp  somewhat  after  their  own  ideas,  copied  from  some  of  the 
numerous  old  hollow-ways  of  the  Britons  then  in  existence.  This 
would  account  for  the  entrance  differing  in  this  case  from  the  general 
Roman  plan. 
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The  behaviour  of  coal  in  the  different  circumstances  under 
which  it  is  used  is  so  yaried  and  complex,  and  yet  of  so  much 
importance  to  our  well-being,  that  I  offer  no  i^logj  for  recording 
observations  made  with  regard  to  its  physical  properties  and  bdiaviour. 

If  we  first  examine  the  different  conditions  under  which  coals 
are  used,  and  then  examine  the  properties  of  ike  coals  which  have 
been  found  best  suited  to  these  conditions,  we  shall  learn  at  least 
something  of  the  general  principles  which  should  guide  us  in  the 
selection  of  coals  for  our  different  requirements ;  and,  on  the  other 
hand,  we  may,  from  the  behaviour  of  the  coal  whilst  in  use,  gather 
some  information  as  to  its  origin  and  the  alterations  to  which  it  has 
been  subjected  since  it  was  deposited. 

In  this  country  some  coals  are  used  in  open  fire  grates  for 
domestic  purposes  which  burn  at  a  comparatively  low  temperatiu^. 
some  in  boiler  furnaces  at  a  higher  temperature  for  the  making  of 
steam,  and  others  in  reverbat^)ry  furnaces  at  a  very  high  temperature 
for  the  heating  or  smelting  of  glass,  iron,  steel,  &c.  These  are  all 
used  with  a  free  admission  of  air. 

Again,  other  coals  are  used  for  gasmaking,  which  I  may  remind 
you  is  perfonned  by  the  introduction  of  coals  into  an  air-tight  vessel, 
this,  being  heated,  distik  its  contents,  giving  off  gas  and  other  sub- 
stances and  leaving  a  residue  of  somewhat  spongy  coke. 

Other  coals  are  used  for  nothing  but  making  coke.  In  this  ca^iie 
the  coal  is  thrown  into  a  chamber,  the  walls  of  which  have  been 
previously  heated  to  redness,  the  opening  is  then  built  up  so  as  to 
almost  entirely  prevent  the  admission  of  air.  Tlie  heat  of  the 
cliamber  slowly  communicates  itself  to  the  coals,  in  which  operation 
their  structure  is  entirely  changed,  some  of  the  volatile  gases  are 
allowed  to  escape  at  a  comparatively  low  temperature,  the  remainder 
forming  new  chemical  combinations  as  they  slowly  permeate  through 
the  thick  body  of  the  coal  and  solidify  into  the  coke,  giving  it  density, 
hardness,  and  strength.     The  different  kinds  of  coke  are  required  for 


holgatk:  some  physical  properties  of  coal.  461 

piiqwses  in  which  .smoke  is  undesirable,  or  in  which  a  strong  draught 
or  blast  of  air  is  introduced  for  the  heating  of  substances  in  the  body 
of  the  fire. 

Another  way  in  which  coals  are  used  is  in  the  Sienien*s  furnace  ; 
in  this  case  the  coal  is  burnt  in  an  ordinary  fire-grate,  but  with  such  a 
small  (quantity  of  air  that  the  gas  given  off  is  hydrogen  aud  carbon- 
monoxide.  The  completion  of  the  combustion,  that  is,  the  changing 
of  the  carbon  from  the  monoxide  into  the  dioxide  or  carbonic  acid, 
and  the  hydrogen  into  water,  being  completed  in  the  body  of  the 
furnace,  in  the  presence  of  the  iron,  steel,  glass,  or  other  substance 
which  is  to  be  melted. 

Tuniing  from  this  to  the  dift'erent  kinds  of  coal,  we  find  them 
equally  varied  :  first  we  have  the  cannel  coals  which  are  found  in 
iion-continuous  basins  or  hollows,  it  may  be  along  with  other  coals 
or  in  seams  by  themselves.  Black  in  colour,  they  vary  in  appear- 
ance from  being  sliiny,  light  in  weight,  and  weak,  breaking  with 
a  conchoidal  fracture,  to  being  dull  in  appearance,  black,  and  dense, 
but  whatever  the  difference  in  their  appearance  they  are  alike  in 
containing  remains  of  fishes  or  the  shells  of  moUuses,  and  it  is  to  the 
fact  of  their  containing  animal  hydro-carbons  that  in  combusticni 
they  give  a  white  light,  and  for  that  reason  are  used  specially  for  gas 
making  owing  to  the  high  illuminating  power  of  the  gas  made  from 
them.  The  temperature  at  which  the  dull-looking  cannel  gives  off 
its  gas  is  much  lower  than  that  at  which  its  solid  part  fuses,  and  the 
consequence  is  that  the  coke  is  not  changed  in  form  when  it  comes 
out  of  the  retort  from  that  at  which  it  was  introduced  into  it ;  besides 
this,  as  the  coal  contains  a  certain  amount  of  mud,  the  ash  is  large  in 
quantity  and  white  in  colour. 

The  cannels  then  were  formed  under  water,  and  perhaps  of 
ma.sses  of  floated  wood,  combined  with  the  remains  of  fishes,  but 
mostly  of  trees  and  water  plants  that  grew  hi  .<iitu  but  in  a  sinking 
area  aud  under  water  in  which  fishes  aud  molluscs  had  their  habita- 
tion, and  into  which  a  small  portion  of  fine  mud  found  its  way;  since 
that  time  the  animal  hydro-carbons  have  permeated  the  vegetable 
matter  and  the  mud,  and  a  hard,  compact  coal  has  been  formed.  Tliere 
are  several  seams  of  coal  of  this  kind  in  the  vicinity  of  Leeds. 
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It  will  be  appttnmt  that  we  musl  expect  to  find  giadatioiis 
firom  the  pure  caonel  to  the  ordinary  bitaminoos  coal,  and  this 
is  what  we  do  find  in  fact. 

The  coal  known  as  the  Better  Bed,  the  first  seam  abore  the 
Elland  flagstone,  and  also  a  portion  about  8  inch  thick  in  the  middle 
of  the  Middleton  Little  Seam  are  nearly  allied  to  the  cannels.  They 
are  the  coals  known  in  the  text  books  as  being  made  up  in  a  great 
measure  of  spores  of  coal  measure  plants.  The  coals  are  black  and 
dull  in  appeurance,  and  if  scratched  give  not  a  Uack  but  a  distinctly 
brown  streak.  If  broken  transversely  the  spores  may  be  plainly  seoi 
in  immense  quantities  protruding  fix>m  the  brokmi  &ce,  and  a  micro- 
scopic vertical  section  shows  distinctly  the  resinous  spores,  for  they 
are  about  the  size  of  a  pin's  head.  If  we  polish  a  jnece  of  it  as 
marble  is  polished,  which  we  can  do,  the  resinous  spores  whidi  aire 
tougher  than  the  other  part  protrude  slightly  and  show  figures  on 
the  polished  surface.  Both  seams  contain  fish  remains,  and  the 
spores  have  every  appearance  of  having  floated  into  their  present 
position  along  with  a  little  mud. 

These  coals  are  so  tough,  that  when  thrown  down  or  struck,  the 
pieces  do  not  readily  break,  but  ring  sonorously.  Their  toughness 
and  strength  seem  to  be  due  ir.  a  great  measure  to  a  small  quantity 
of  the  animal  hydro-carbons  together  with  resinous  matter  emanating 
from  the  spores  that  has  permeated  through  the  mass. 

In  a  tire  whicli  burns  at  a  low  temperature,  such  as  a  house  fire, 
these  coals  are  considered  as  almost  valueless,  for  the  individual  bits  of 
coal  do  not  fuse  together ;  the  fire  does  not  burn  brightly,  nor  does  the 
ash  fuse  into  clinker,  but  it  flies  about  the  house  as  a  disagreeable  white, 
fine  dust.  Its  behaviour  in  a  boiler  furnace  is  better,  but  it  will  not 
make  steam  rapidly  unless  the  draught  be  very  great,  the  tempera- 
ture not  being  high  enough  to  derive  the  best  results  from  it 
It  is  used  to  best  advantage  in  a  furnace  working  at  a  high  tempera- 
ture, as  are  the  reverbatory  furnaces  for  melting  or  heating  iron  and 
steel.  When  thrown  into  a  furnace  of  this  kind  (in  which  case  it 
has  finished  its  work  at  upwards  of  3,000  degrees  of  temperature, 
such  being  the  heat  of  the  melted  metal  or  the  bloom)  it  bursts  at 
once  into  a  flame  whicli  is  so  long  that  it  passes  through  the  re- 
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verberatory  chamber,  up  a  chimney  some  30  or  40  feet  in  height,  and 
finally  appears  at  the  top  of  the  chimney. 

When  made  into  coke  much  of  it  comes  out  of  the  oven  in  tlie 
same  form  as  that  in  whicli  it  was  thrown  in. 

The  Barnsley  coals  are  nearly  allied  to  the  two  kinds  above- 
named.  Nearly  all  coals  are  made  iij)  partly  of  water  plants,  and 
were  formed  under  similar  conditions  to  those  named  above,  and 
more  contain  some  fish  remains  than  are  generally  supposed  to  do  so. 

I  have  not  slicceeded  in  finding  any  in  the  upper  part  of  a  thin 
seam  known  in  this  neighbourhood  as  the  Crow  Coal,  of  which, 
through  its  thinness,  there  is  necessarily  but  a  small  quantity  in  the 
market.  This  coal  is  soft  and  very  suitable  for  house  fires.  It  con- 
tains but  a  small  proportion  of  ash,  gives  a  bright  flame,  the  fire, 
without  a  forced  draught,  burning  at  almost  a  whit«  heat. 

It  is  a  good  steam  coal,  but  through  its  softness  it  burns  away 
rapidly,  and  makes  a  great  deal  of  smoke.  This  coal  is  of  little  value 
as  a  furnace  coal  compared  with  those  previously  named.  It  is  so  hot 
underneath  the  fire  where  the  air  rushes  into  it  that  the  fire  bars  are 
melted.  The  flame  produced  ^however  is  so  short  that  it  scarcely 
reaches  the  iron,  and  does  not  fill  the  reverbatory  chamber.  Without 
trying  it  for  gas-making  we  might  safely  conclude  that  it  would  yield 
an  average  amount  of  gas  of  an  average  illuminating  power  ;  that  an 
abundance  of  tar  compounds  would  be  given  off,  and  that  a  soft 
spongy  coke  would  remain. 

Between  these  two  kinds  of  coal  there  are  many  varieties.  In 
some,  as  in  the  Middleton  Main  and  the  Haigh  Moor,  we  get  examples 
in  which  spores,  though  present,  are  not  so  numerous  as  in  the 
Better  Bed  or  the  Hards  of  the  Middleton  Little.  They  contain 
more  woody  matter,  and  are  sufficiently  tough  to  retain  a  large  size 
throughout  the  various  handlings  to  which  they  are  subjected  from 
the  time  of  being  taken  out  of  the  mine  to  the  time  when  they  are 
thrown  into  the  furnace. 

Their  layers  of  bedding  show  an  alternately  dull  and  bright 
appearance  ;  they  are  very  suitable  for  house  fires,  for  raising  steam, 
or  for  reverbatory  furnaces.  They  are  also  suitable  for  gas-making, 
as  they  give  off  a  gas  of  an  illuminating  power  above  the  average. 
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and  make  a  fairly  good  coke ;  they  will  not  however  yidd  up  to  tlie 
average  of  the  tar  compounds. 

The  Beeston  Bed  is  less  tough  than  the  abova  Itdoesnotcon- 
tain  as  many  spores  as  does  the  last-named,  and  conseqn^ntiy  it  is 
softer  and  more  easily  broken.  It  breaks  down  more  readily  into 
small  before  being  used.  The  upper  and  the  harder  part  is  a  good 
house  and  a  fur  furnace  coal ;  the  lower  portion  is  also  used  as  a 
house  coal  but  of  inferior  quality,  idso  for  raising  steam.  The  whole 
seam  is  used  largely  for  gas-making,  excluding  the  lowest  part  or 
Doggie  which  is  not  worked. 

The  top  part  of  the  Middleton  Little  Coal  seam  is  nearly  allied 
in  its  properties  to  the  Middleton  Main  Coal,  whilst  the  bottom  part 
more  nearly  resembles  the  upper  part  of  the  Beeston  Bed. 

The  middle  part  I  have  before  described  as  containing  numerous 
spores,  and  being  suitable  for  furnaces.  Tliere  still  remiuns  to  con- 
sider tlie  class  of  coal  that  habitually  breaks  into  small,  just  as  those 
above-named  break,  some  into  large  and  some  into  medium-sized 
pieces,  and  which  are  consequently  poor  in  quality.  Amongst  coals  of 
this  class,  in  this  neighbourhood,  are  the  Halifax  Beds,  Black  Bed,  lower 
part  of  Crow  Coal  and  Beeston  Beds,  both  known  as  Johnnies  or 
Doggies,  the  latter  known  also  in  some  neighbourhoods  as  Churwell 
Thick  and  the  Shertcliffe  Beils. 

Here  allow  me  to  say  a  few  words  about  cleavage  in  coal,  to 
fully  understand  the  importance  of  which,  we  should  see  the  coal  in 
position  in  open  workings.  In  these  positions  we  may  see  that 
the  whole  of  the  strata,  whether  of  sandstones  or  shales,  through 
which  the  coals  run  in  comparatively  thin  seams,  show  distinct  lines 
of  jointing  or  cleavage,  the  distances  between  the  joints  varying  with 
the  different  minerals.  The  coals  themselves,  even  the  different 
l)arts  of  the  same  seam,  vary  very  much  in  the  distances  between 
these  cleavages.  We  may  have  a  coal  cleaving  into  pieces  at  about 
G  inch  wide  and  attached  to  it  above  or  below,  as  in  the  case  of  tlie 
Middleton  Little  Coal,  one  of  a  totally  different  kind,  cleaving  at  a 
distance  of  only  half  an  inch  or  even  less. 

If  we  examine  them  closely  we  shall  find  that  the  dull-looking 
tough  coal  containing  spores  or  fish  remains,  cleaves  at  the  greatest 
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distance  apart,  whilst  the  coal  which  presents  a  shiny,  polished  sur- 
face on  its  broken  face  (not  its  plane  of  cleavage)  is  soft  and  brittle, 
and  has  its  cleavage  planes  in  close  proximity.  Between  these  two 
kinds  we  find  every  variety. 

In  the  Middleton  Main  and  Haigh  Moor,  the  coals  are 
made  up  of  alternate  thin  layers  of  the  two  kinds,  the  result  being, 
a  coal  not  so  tough  and  strong  as  if  made  up  principally  of 
spores,  and  yet  much  stronger  than  are  the  bright  coals  above- 
named  ;  it  is  to  this  difference  in  the  distance  between  the  planes  of 
cleavage  that  the  usefulness  of  the  coal  depends;  those  which  have 
their  cleavage  planes  wide  apart  break  naturally  into  larger  pieces  as 
above  described,  and  give  very  different  results  when  used,  either  for 
combustion  or  for  gas-making,  from  those  which  cleave  naturally  into 
thin  plates.  Coal  of  the  latter  kind  if  thrown  on  a  fire  even  in  large 
pieces,  by  breaking  up  at  once  into  small  when  warmed,  and  by  pre- 
venting a  free  passage  of  air,  gives  the  inferior  result  of  a  short 
flame  at  a  low  temperature,  with  a  good  deal  of  black  smoke.  Under 
these  circumstances  we  are  led  to  the  conclusion  that  coals  having 
pretty  nearly  the  same  ultimate  chemical  constitution,  but  differing  in 
the  distances  between  the  planes  of  cleavage,  give  totally  different 
results  during  combustion.  The  coals  which  thus  naturally  break 
into  small,  if  used  for  gas-making,  will  deliver  their  gas  more  slowly, 
and  this  gas,  as  it  is  liberated,  instead  of  clearing  itself  and  working 
its  way  between  the  pieces  of  coal,  which  it  would  do  if  they  were 
large,  makes  different  chemical  combinations  through  its  being 
smothered  by  the  surrounding  small  coal,  and  so  we  get  less  gas. 
With  coals  of  this  kind,  not^vithstanding  the  greatest  care  in  firing, 
much  smoke  will  be  made,  and  every  means  that  has  as  yet  been 
tried  to  burn  the  smoke  in  furnaces  of  the  ordinary  kind,  when 
using  such  coals  have  resulted  not  in  economy  but  in  loss  of  heat 
and  consequently  of  work. 

The  reason  why  Leeds  looks  so  black  is  accounted  for  by  the 
fact  of  so  many  coals  being  used  here  that  naturally  break  into  small, 
as  we  have  described,  and  so  are  smoky. 

I  do  not  here  refer  to  the  Siemen's  furnace,  in  which  a  far  more 
perfect  distillation  takes  place,  and  in  which  but  little  smoke  is 

K 


4€6  hchiO^IlIb  :  somb  physxc^u:.  propbbtiss  of  €Oal. 

made  in  the  circmnstance  under  whioh  it  is  at  present  used ;  if  how- 
ever it  were  used  for  boiler  firing,  its  gases  would  be  brought  dnriog 
combustion  into  contact  witii  comparatively  cold  boilerplates,  and  we 
may  safely  say  that  it  would  then  make  a  considerable  amount  of  smoke. 

When  these  furnaces  were  first  introduced  it  was  claimed  for 
them  that  small  coals  would  be  as  well  adapted  as  large,  but  this  was 
soon  found  not  to  be  the  case.  Small  coal  is  in  no  case  as  good  as 
large,  when  the  object  is  to  obtain  a  large  quantity  of  volatile  gas, 
either  for  combustion  or  gas'  making ;  but  small  coals  make  the  best 
coke. 

The  question  which  at  once  presents  itself  is,  How  does  this 
deavage  take  place,  and  why  is  it  different  ev^ti  in  ike  same  seam 
of  coals? 

I  will  answer  the  last  question  first.  The  whole  of  the  coal 
measures  show  us  upon  examination  that  they  were  in  a  perpetual  state 
of  change  during  deposition,  the  land,  low  lying  as  it  was,  and  subject 
not  only  to  floods  but  to  changes  in  the  courses  of  its  larger  rivers, 
changed  its  vegatation  to  suit  the  changing  conditions,  and  coals  are 
made  up  of  a  great  variety  of  plants,  sometimes  of  huge  trees, 
sometimes  of  water-plants  with  their  attendant  fish  remains  ;  and 
though  all  went  to  form  coal,  they  would  naturally  make  different  kinds. 

When  we  find  beds  of  fish  and  shell-remains  in  the  shale  we  see 
that  the  oil  from  these  animals  has  permeated  through  the  shale 
hardening  it  into  a  marble,  and  it  has  had  the  same  effect  on  the  coal 
in  its  immediate  vicinity. 

If  we  examine  coal  in  the  neighbourhood  of  a  fault,  we  find  that 
it  has  been  cloven  in  more  than  one  direction,  and  often  it  has  been  so 
compressed  that  it  has  been  shattered.  In  other  places  we  may  see  lines 
of  cleavage  in  two  totally  different  directions,  and  this  not  only  affects 
the  coals  but  all  the  strata  of  shales,  sandstones,  etc.  We  know  that 
the  land  has  been  repeatedly  raised  and  lowered,  and  that  the  pressure 
causing  this  has  been  a  lateral  one,  and  we  know  that  wherever  we 
find  contortion  of  the  strata,  or  a  proximity  to  volcanic  action,  the 
coals  are  changed  as  regards  their  cleavage. 

If  we  examine  a  piece  of  Welsh  anthracite  we  do  not  wonder  that 
it  will  not  blaze,  for  though  bright  in  appearance,  we  see  that  it  has 
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been  so  compressed  and  is  so  slicken-sided  in  all  directions  that  we 
can  plainly  jinlge  the  cause  from  the  result. 

Belgian  coals,  which  are  worked  almost  vertically  owing  to 
contortion,  are  also  much  shattered. 

Tlie  coals  which  are  made  into  coke  by  Messrs.  Strakers  &  Love, 
in  West  Durham,  have  been  so  shattered  that  they  fall  into  dust  if 
exposed  to  the  weather,  and  they  may  be  easily  crushed  in  the  hand, 
but  though  they  are  very  poor  as  coal,  they  make  the  best  aud  hardest 
coke  in  the  country. 

In  order  to  make  coke  from  the  coals  of  our  own  and  the  Shef- 
field district  which  naturally  cleave  at  greater  distances  apart,  it  is 
absolutely  necessary  tliat  they  should  be  small,  the  smaller  the  better, 
as  by  this  means  the  gasses  are  not  allowed  to  escape,  but  are  con- 
densed into  the  coke.  It  is  also  necessary  that  they  should  be  washed, 
not  only  so  as  to  wash  away  any  dirt,  but  also  any  chemical  impurities 
and  some  volatile  gasses  whose  presence  would  result  in  an  inferior 
coke.  A  very  good  coke  suitable  for  melting  steel  and  iron  is  made 
in  this  way. 

The  cleavage  spoken  of  above  must  have  taken  place  a  long  time 
ago,  for  we  find  that  water  containing  lime,  barium,  and  sulphide 
of  iron  ha.s  percolated  along  the  interstices  of  the  cleavage,  and  has 
left  these  substances  in  a  crystalline  form.  This  is  another  source  of 
inferiority  of  coals  having  their  planes  of  cleavage  close  together, 
they  not  only  break  into  small,  but  they  often  contain  a  large  quantity 
of  deposited  impurities 

From  what  has  been  said  we  may  draw  the  following  conclusions : 
the  mode  of  burning  and  consequent  usefulness  of  coal  is  governed 
principally  by  the  sizes  into  which  it  breaks  down  before  or  after 
being  thrown  into  the  furnace. 

Goals  dull  in  appearance  having  a  brown  streak  and  containing 
many  spores  and  fish  remains  are  tough  and  break  into  large  pieces. 
They  are  suitable  for  furnaces  working  at  a  high  temperature,  and 
allow  the  air  to  pass  freely  through  them  in  the  furnace.  They  are 
free  burning. 

Bright  coals,  having  cleavage  planes  close  together,  are  soft  and 
break  into  small,  either  before  or  after  they  are  thrown  into  the  furnace. 
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They  are  more  suitable  for  fires  workiiig  at  a  low  temperatoie, 
and  require  frequent  stirring.  They  contdn  more  fusible  salts  that 
have  been  deposited  by  tiie  passage  of  wat^  between  the  numerous 
interstices  than  the  dull  coab  do,  and  owing  to  tiie  presence  of  these 
sahs  the  ash  clinkers  in  combustion.  They  intumesce  and  cake, 
thus  preventing  a  free  and  plentifril  passage  of  air.  They  make 
much  smoke. 

Goals  which  are  very  soft  and  break  easily  into  small,  make  the 
hardest  and  most  valuable  coke.  If  the  cleavage  is  in  more  than  one 
direction,  causing  the  coals  to  break  down  into  dust,  they  make  tiie 
best  coke.  Hard  coke  may  be  made  artificially  fix>m  coal  that  would 
naturally  only  produce  one  of  a  spongy  character,  by  making  it  into 
dust,  and  washing  it  with  wat^  before  burning  it  into  coke. 

The  cleavage  has  been  produced  by  lateral  pressure  taking  place 
in  different  directions,  and  at  various  times  during  the  long  period 
that  has  elapsed  since  the  strata  were  deposited,  which  has  caused 
repeated  elevation  and  depression.  Coals  obtained  in  a  district  which 
is  much  faulted  or  folded,  and  in  the  neighbourhood  of  volcanic 
action,  break  into  small,  and  give  off  less  gas,  but  make  better  coke 
than  do  those  found  in  a  district  where  the  geological  disturbance 
has  not  been  great ;  but  the  alteration  is  local. 

The  relative  position  of  the  different  kinds  of  coal  in  the  same 
seam,  whether  top,  middle,  or  bottom,  luis  nothing  to  do  with  the 
quality  ;  this  depends  entirely  upon  the  original  structure  of  the 
coal  and  the  changes  through  which  it  has  since  passed.  For  the 
same  reason  the  position  of  the  coal,  whether  at  a  great  depth  or 
near  the  surface  (unless  so  near  tliat  air  and  water  have  affected  it), 
does  not  influence  its  quality.  Thin  coal,  and' coal  of  inferior  quahty, 
though  found,  is  not  worked  at  great  depths,  because  it  would  not  pay 
to  do  so  ;  the  pit  therefore  is  sunk  through  it  and  it  is  left.  It  does 
pay  to  work  a  thin  or  inferior  coal  near  the  surface  if  it  is  in  such  a 
position  that  a  ready  sale  may  be  obtained  on  or  near  the  spot 
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The  question  of  working  coal  at  depths  varying  from  two  to 
four  thousand  feet  below  the  surface  was  fully  investigated  in  the 
years  1866-71,  by  the  Royal  Commission  appointed  to  enquire  into 
the  probable  duration  of  the  coal-fields,  and  the  several  matters 
relating  to  coal  in  the  United  Kingdom. 

The  evidence  given  before  that  Commission  was  most  valuable 
and  exhaustive,  and  the  Report,  which  not  only  dealt  with  the  state 
of  affairs  at  that  time,  but  foreshowed  many  of  the  circumstances 
which  have  since  occurreil,  reflects  the  highest  honour  on  the 
distinguished  men  who  formed  the  several  committees.  The  com- 
missioners estimated  the  available  coal  in  the  known  British  coal- 
fields (excluding  all  seams  less  than  12  inches  thick,  and  after  making 
the  necessary  deductions  for  loss  in  working,  faults,  &c.)  to  be 
90,297  millions  of  tons.  In  addition  to  such  quantity  coal  is  sup- 
posed to  exist  at  workable  depths  under  the  Permian,  New  Red 
Sandstone,  and  other  superincumbent  strata,  equal  to  56,278  millions 
of  tons.  The  aggregate  quantity,  which  in  1871  was  reasonably 
expected  to  be  available  for  use,  was  estimated  at  146,480  millions 
of  tons. 

Since  that  report  was  published  an  interval  of  19  years  has 
elapsed,  during  which  time  the  (juantity  of  coal  raised  in  the  United 
Kingdom,  includiug  the  years  1871  and  1889,  has  been  2,797,344,007 
tons. 
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The  following  table  (with  sapplementaiy  list  for  tiie  Yoiluhire 

Returns  shews  die  qosntitj 


output)  extracted  from  the 
raised  in  the  several  years  :^ 


Totel  Tom  of  Goal  tailed 

Toneof  Ckml  zaioedin 

Ykab. 

in  the  United  Kingdom 
(inotoding  Yorkiliira). 

YorWiife. 

TOH& 

TOES. 

1871 

117,439,251 

12,801,260 

1872 

123,393,853^ 

.  14,576,000 

1878 

128,544,400 

15,811,778 

1874 

126,590,108 

14,827,813 

1875 

133,306,485 

15,855,990 

1876 

134,125,166 

15,129,506 

1877   . 

134,179,968 

15,805,235 

1878 

132,612,063 

15,582,288 

1879 

133,720,393 

16,241,448 

1880 

146,969,409 

17,468,536 

1881 

154,184,300 

18,287,141 

1882 

156,499,977 

18,525,406 

1883 

163,737,327 

19,563,287 

1884 

160,757,779 

19,220,144 

1885 

159,351,418 

18,497,778 

1886 

I             157,518,482 

19,389,336 

1887 

162,119,812 

20,104,713 

1888 

182,660,160 

20,576,375 

1889 

189,633,656 

21,973,400 

2,797,344,007 

329,736,924 

Note. — It  is  a  matter  for  regret  that  do  record  is  kept  of  the  depths 
at  which  the  coal  shewn  in  the  table  has  been  worked,  cooeequentlj 
it  is  impossible  to  state  the  rate  at  which  the  average  depth  is 
increasing.  The  depth  of  the  shaft  is  no  criterion,  as  seams  lying  at 
differeot  depths  may,  by  inclines  and  tunnels,  be  raised  trom  the 
same  level.  It  is  to  be  hoped  some  arrangpement  will  shortly 
be  made  to  obtain  such  information.  With  a  return  of  the 
area  and  thickness  of  the  seam  worked  within  certain  limits  of 
depth,  an  approximate  tonnage  might  be  given. 

The  greatest  depth  of  shaft  in  1871  was  2,376  feet,  as  compared 
with  2,850  feet  at  the  present  time.  The  latter  does  not  however 
fully  represent  the  greatest  depth  at  which  coal  is  now  being  worked, 
as  some  seams  are  worken  by  means  of  inclines. 

Many  collieries  from  which  large  quantities  of  coal  have  been 
obtained  in  the  past  fire  now  exhausted,  the  shafts  closed,  and  the 
works  abandoned. 
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The  knowledge  of  the  foregoing  and  other  facts  suggested  the 
idea  that  the  subject  of  Deep  Mining  was  one  which,  after  an  interval 
of  nearly  twenty  years,  might  with  advantage  be  considered  by  the 
members  of  a  Scientific  Society  such  as  I  have  now  the  honour  to 
address. 

It  ban  been  said  that  no  branch  of  science  contributes  to  another 
without  receiving  a  reciprocal  benefit.  It  is  therefore  hoped  that  by 
an  interchange  of  ideals  between  the  geologist,  microscopist,  mining 
engineer,  and  other  scientist,  some  practical  suggestions  may  be 
oflFered  to  colliery  officials  and  miners  generally,  with  a  view  of  lessen- 
ing the  difficulties  connected  with  deep  mining,  and  if  possible 
rendering  underground  work  more  endurable. 

Improvements  which  have  been  made  during  the  last  few  years 
in  machinery,  ropes,  and  other  colliery  appliances,  especially  in 
electrical  work,  together  with  the  increased  information  gained  in  the 
method  of  working  seams  of  coal  has  already  produced  a  feeling  that 
coal  may  be  worked  at  a  much  greater  depth  than  was  deemed 
feasible  a  few  years  ago.  Much  has  already  been  done  to  bring 
scientific  research  into  practical  shape,  and  to  substitute  certainty 
for  uncertainty. 

The  difficulties  connected  with  deep  mining  relate  however 
more  particularly  to  natural  laws.  In  discussing  the  best  means  of 
overcoming  such  obstacles  it  is  well  to  remember  the  doubts 
expressed  by  the  last  generation  of  colliery  officials  as  to  working 
coal  at  a  depth  of  400  to  500  yards.  Difficulties  which  at  one  time 
seemed  insurmountable  have  since  been  overcome.  Nature  does  not 
volunteer  infonnation  which  man  may  discover  for  himself,  probably 
for  the  reason  that  when  man  is  capable  of  appreciating  it  he  is 
capable  of  discovering  it. 

No  doubt  there  yet  remain  certain  natural  laws  to  be  discovered. 
In  the  meantime  man  must  remember  that  coal  has  been  Divinely 
stored  at  great  depths,  with  what  intention  his  finite  mind  cannot  at 
present  comprehend. 

Some  years  ago  (1870-73)  the  high  price  and  scarcity  of  coal 
was  deemed  by  certain  consumers  a  national  calamity.  It  is  now 
admitted  to  have  been  a  national  blessing.     Consequent  on  such 
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mmdtf  aereral  ioportent  uiTfltttiGiis  mste  mtrodnoed  iriieitdby  a 
nearor  a{q;iroach  to  perfect  eombueluHi  of  fiiel  was  obtained*  and  a 
pennanent  reduetion  Mid  saying  obtained  in  the  aMuonqilion  of 
ooaL  From  this  fact  may  it  not  be  ai^afid  that  if  eoal  nere  mtnate 
within  easier  reach  of  the  sotGeu^  it  mi^t  not  be  Reserved  and  oaed 
with  the  same  care  as  it  probaUy  will  be  in  the  fntiiie,  afker  bong 
ramd  from  depths  exceeding  one  thonsand  yaids. 

*  The  question  for  the  fiitare  is  not :  How  long  will  the  eoal  in 
tins  country  afford  a  supply?  but  rather,  at  what  price  can  coal 
be  raised  to  enable  the  manufisusturer  in  this  country  to  sacoessfiillj 
compete  with  foreign  productions? 

The  chief  obstacle  in  woridn^  coal  at  great  d^ths  istheinoiease 
of  temperature  which  accompanies  increase  of  depth.  From  ob8e^ 
Tations  which  have  been  made,  it  appears  the  temperatiue  of  the 
earth  is  constant  at  a  deptii  of  about  M  feet,  and  at  that  dqpth  it  is 
usually  50  degrees  Fahr.  In  1871  the  Commission  assumed  the  rate 
of  increase  to  be  one  degree  for  every  60  feet  in  depth.  Recent  observa- 
tions taken  at  Ashton  Moss  Colliery,  which  is  the  deepest  shaft  in 
England,  at  a  depth  of  2,8^0  feet  show  the  temperature  to  be  85 
degrees.  This  proves  the  rate  of  increase  to  be  one  degeee  for  every 
76*9  feet.  At  another  colliery  a  few  miles  distant,  one  degree  for  every 
79  feet.  In  this  district  large  quantities  of  water  liave  been  found  in 
the  strata,  which  may  account  for  the  slowness  of  the  rate  of  increase 
shown  by  the  foregoing  observations,  as  compared  with  that  fixed  by 
the  Commission.  Water  cannot  be  taken  as  a  guide  to  temperature 
as  it  may  come  from  above  or  below.  It  has  been  hoped  future  deep 
sinkings  might  prove  the  increase  of  temperature  to  be  in  a  diminish- 
ing ratio  ;  but  when  the  primary  cause  which  has  led  to  the  increase 
already  proved,  is  considered,  it  is  hardly  reasonable  to  expect  such 
will  be  the  case.  High  temperature  of  the  strata  operates  as  an 
impediment  to  deep  working  by  heating  the  air  circulating  through 
the  passages  of  the  mine.  This  heating  process  is  most  rapid  at  first 
when  the  difference  of  temperature  between  the  air  and  the  strata  is 
greatest,  gradually  diminishing  as  the  length  of  the  passage  is 
extended,  and  never  ceasing  until  complete  assimilation  is  efifected. 
The  progress  towards  this  assimilation  is  much  more  rapid  when  the 
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air  comes  in  contact  with  a  large  area  of  freshly  wrought  coal  at  long 
long  distances  from  the  shaft.  When  a  large  volume  of  Aresh  air  is 
passing  through  the  mine,  it  is  considerably  influenced  in  lowering 
the  temperature,  but  at  long  distances  in-bye,  and  where  coal  roads 
exist,  the  cooling  effect  of  the  ventilation  is  small.  As  the  air  in 
circulation  is  gradually  increased,  so  the  temperature  of  the  strata  is 
reduced  by  the  absorption  of  heat  from  it.  Evidence  was  given 
before  the  Commission  of  the  temperature  endured  in  the  stoke-holes 
of  steamers,  and  places  where  glassblowers  work.  In  some  cases 
labour  had  been  carried  on  where  the  thermometer  indicated  180 
degrees,  but  in  such  cases  it  was  radiated  heat  and  did  not  accurately 
indicate  the  temperature.  It  was  also  proved  by  the  experience 
obtained  in  foreign  climates  that  a  temperature  of  125  degrees  in  the 
shade  was  more  endurable  by  reason  of  the  dryness  of  the  air  than 
moist  air  of  86  degrees.  In  certain  cotton  mills  the  temperature 
often  exceeds  90  degrees,  and  in  this  atmosphere  some  operatives  are 
engaged  for  ten  consecutive  hours.  The  depth  stated  by  the  Com- 
mission at  wliich  the  temperature  of  the  air  would  amount  to  98 
degrees,  or  blood-heat,  was  about  3,000  feet.  From  experiments 
conducted  by  medical  men  and  scientists  it  has  been  shown  that  at 
a  temperature  of  84  degrees  Fahr.  workmen  are  not  inconvenienced, 
and  can  continue  their  occupation  for  years  without  interruption. 
Complaints  of  languor  are,  however,  made.  From  100  to  110  degrees 
this  feeling  is  increased,  and  manifests  itself  in  diminished  muscular 
power,  resulting  finally  in  further  muscular  disturbance  and  paralysis 
of  the  heart.  It  has  also  been  proved  by  experiment  that  man's 
skin  is  better  adapted  and  can  withstand  a  greater  heat  than  certain 
animals.  This  is  due  to  increased  respiration,  circulation,  and  eva- 
poration, by  which  the  body  is  prevented  from  rising  above  the 
natural  temperature.  If  a  man's  body  could  not  lose  by  evaporation,  &c. , 
the  heat  which  may  be  produced  within  him  it  would  intensify  and 
result  in  death. 

As  regards  increased  barometric  pressure,  some  men  are  capable 
of  bearing  a  pressure  of  38  or  40  inches  of  mercury  without  serious 
results,  and  medical  men  are  of  opinion  that  increased  pressure  is  not 
likely  to  reduce  the  power  of  enduring  increased  temperature,  or  that 
it  will  affect  evaporation. 
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The  conclusion  airiyed  at  by  the  Commission  was  **  1%at  ihe 
increase  of  temperature  and  depth  was  so  speculatiTe  tiiat  tfaiqr  felt 
it  better  to  leave  the  question  in  uncertainty,  but  looking  to  poanUe 
expedients  which  the  future  may  elicit  for  further  reducing  the  ton- 
peratuie,  they  considered  it  might  be  &iily  assumed  that  the  depth 
of  at  least  4,000  feet  might  be  reached." 

In  addition  to  the  difficulties  of  increased  tenqionatuie  there  is 
also  the  difficulty  of  maintaining  the  roadways  consequent  on  the 
increased  weight  of  ihe  superincumbent  strata.  U  tiie  coal  when 
in  situ  gives  support  to  the  overlying  steata,  that  is  by  a  square  foot 
sl^>porting  a  corresponding  foot,  it  will  be  understood  that  whra  a 
portion  of  the  coal  is  extracted,  a  weight  over  and  above  l^e  natural 
one  is  thrown  on  the  remaining  pillars.  This  difficulty  has,  of  course, 
been  experienced  in  working  shallow  mines,  but  in  deep  mining  the 
greaterthethicknessof  thesuperincumbentstratanecessarily  thegreater 
the  weight  and  cost  of  maintaining  the  roads  for  the  conveyance  of 
material,  but  especially  for  the  purposes  of  ventilation.  Experience 
has  shown  that  no  system  of  working  can  reduce  the  weight  of  the 
superincumbent  strata,  and  the  methods  which  necessitate  pillars  of 
coal  being  left,  even  for  a  short  time,  cannot  at  greater  depths  be 
worked  with  advantage.  To  meet  this  difficulty  mines  have  been  for 
many  years  worked  on  the  longwall  system,  that  is,  by  removing  the 
coal  at  oue  operation.  This  system  was  well-known  and  practised  in 
Scotland,  the  Midland  Coalfields,  and  at  certain  collieries  in  other 
counties,  many  years  previous  to  1871.  But  it  was  not  as  generally 
well-known  nor  practised  in  Lancashire  and  Cheshire,  where  the 
deepest  mines  have  been  worked,  as  it  is  at  the  present  day. 

With  reference  to  certain  meclianical  and  other  appliances  which 
will  be  required  for  raising  large  quanties  of  coal  up  a  deep  vertical 
shaft  or  long  incline,  within  a  given  time,  or  passing  large  volumes  of 
air  at  an  increased  temperature  to  dilute  noxious  gases  and  for  the 
purpose  of  ventilation,  or  for  lighting  roadways  and  working  places  at 
long  distances  from  the  sliaft,  or  for  haulage  and  other  purposes,  I 
venture  to  think  there  will  be  no  difficulty.  Other  works  and 
manufactories  have  already  some  of  the  appliances  which  may  with 
few  modifications  be  adapted  with  advantage  to  collieries. 
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Within  the  last  few  years  several  mines  have  been  opened  out 
between  two  and  three  thousand  feet  deep,  and  it  may  therefore 
assist  in  the  consideration  of  this  matter  to  state  what  has  been 
actually  proved. 

At  Ashton  Moss  on  a  level  with  the  shaft  bottom  (viz.  2850 
feet)  or  down  the  incline  at  a  depth  from  the  surface  of  3036  feet  the 
temperature  varies  from  85  to  87  degrees.  The  air  is  dry  at  the 
coal  face,  and  the  moisture  which  was  expected  would  be  given 
ofiF  and  prove  an  obstacle,  has  not  proved  to  be  the  case.  The 
workmen  up  to  the  present  have  worked  about  the  same  length 
of  time  as  those  employed  in  the  shallower  pits,  say  7  to  8  hours, 
without  suflering  any  serious  inconvenience.  No  complaints  have 
been  made  that  the  high  temperature  has  affected  their  health. 
There  is  no  difficulty  in  obtaining  labour.  The  men  drink 
large  quantities  of  cold  tea,  coffee,  or  water,  and  appear  quite  as 
healthy  as  men  working  in  other  pits,  though  it  must  be  admitted 
they  cannot  work  with  the  same  energy  and  vigour  which  is  a 
characteristic  in  the  shallower  pits.  Fortunately  the  same  physical 
force  is  not  required,  as  the  superincumbent  weight  acting  upon 
the  coal  renders  it  easier  to  get. 

The  men  do  not  appear  to  be  affected  by  increased  barometric 
pressure  equal  to  3i  inches  of  mercury  over  and  above  that  on  the 
.surface.  This  pressure  is  a  trifle  compared  with  that  withstood  by 
sinkers  in  working  the  pneumatic  process. 

The  (juality  of  the  coal  now  being  worked  at  great  depths  is 
admitted  to  be  quite  equal  to  the  most  valuable  seams  hitherto 
worked,  indeed  deep  seams  are,  generally  speaking,  superior  to  mines 
lying  nearer  the  surface.  No  water  has  been  met  with  except  a  few 
drops  with  a  saline  taste.  The  quantity  of  gas  given  off  from  the 
mine  is  no  greater  than  in  shallow  mines.  Some  mines  which  might 
be  mentioned  l3ang  at  one  third  the  depth  give  off  a  greater 
quantity  of  gas  than  the  deep  mines  referred  to. 

No  difficulty  has  up  to  the  present  been  experienced  in  ventila- 
ting the  mine.  The  strata  being  inclined  the  ventilation  is  conducted 
on  the  ascentional  principle  by  means  of  a  furnace.  Owing  to  the 
long  motive  column  a  large  volume  of  air  is  circulated  through  the 
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mme  at  «  kas  eort  tim  any  other  mme  lliat  ^san  be  neutfaxiied. 
From  the  foregoing  it  will  be  infenod  that  Ihe  diffiealtiea  actuallf 
proved  in  working  the  mines  at  AshtcmMoflsaie  ten  tliaaantietpated 
by  the  Royal  Commission.  In  additum  to  tiie  improv^eraeiits  whidi 
ha^e  been  introduced  during  the  lairt  few  yean  in  ooal  mines,  it  it 
probable  some  ot  the  following  suggestions  may  in  the  future  be 
found  advantageous  in  w<nkiQg  deep  eoaL  With  a  view  of  redraqg 
the  friction  and  preventing  ,an  increase  of  teaqi^ature  from  the 
causes  rrferred  to,  the  upcast  and  downcast  shafts  should  be  sunk  a 
ocmaderable  distance  from  each  other  instead  of,  as  at  prosoit,  deee 
together.  Th^re  are  of  course  objections  to  this  arrangement  amoi^ 
others,  the  extra  length  of  time  required  to  form  a  cdmmunicatiQB 
between  the  shafts,  and  the  difficulty  of  driving  and  maintaining  the 
roadways.  With  referonce  to  the  former,  the  extra  length  cl  time 
required  to  form  a  communication  is  not  a  serious  one  when  com- 
pared with  the  permanent  advantages  of  reduced  friction  of  air,  &c. 
As  regards  the  latter,  it  has  been  proved  at  a  depth  of  1000  yards, 
that  a  width  of,  from  40  to  100  yards,  is  sufficient  to  allow  the  super- 
incumbent strata  to  break  and  thus  relieve  itself.  In  this  width 
roadways  can  be  formed  of  debris  which  after  a  time  becomes  so  con- 
solidated that  they  are  better  for  ventilating  purposes  than  pillars  of 
crushed  coal.  Pack  roadways  do  not  give  off  gas  or  heat  like  the 
natural  sides  of  coal,  so  that  when  the  temperature  of  the  dirt  road- 
way is  reduced  it  is  possible  the  heat  of  the  mine  will  be  the  same  at 
long  distances  in-bye  as  it  is  at  the  bottom  of  the  shaft.  To  prevent 
the  natural  temperature  of  the  air,  being  increased  by  the  use  of 
lamps,  &c.,  or  vitiated  by  the  employment  of  horses,  electric  Limps 
will  be  used  for  lighting  the  mine,  and  electric  motors  for  haulage, 
and  probably  for  getting  the  coal. 

If  electric  motors  can  be  used  and  worked  without  sparking 
(which  is  such  a  serious  objection  at  the  present  time)  it  is  also 
likely  small  fans  will  be  introduced  at  the  coal  face  to  promote  a 
temporary  increased  circulation  of  air,  in  the  same  way  as  the  Punkah 
is  used  in  India  and  other  hot  climates.  This  arrangement  could  be 
carried  out  without  interfering  with  the  general  ventilation  of  the 
mine. 
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To  further  reduce  the  temperature  it  would  be  quite  practicable 
to  have  troughs  of  water  at  the  .sides  of  the  roadways.  On  the 
principle  that  warm  air  absorbs  more  moisture  than  cold,  the  air 
might  thus  be  reduced  without  being  too  heavily  charged  with 
moisture. 

Other  matters  connected  with  the  cost  of  production,  waste  in 
working,  stnictural  formation  of  coal,  dirt  and  other  strata,  the 
further  application  of  electricity,  the  absorption  of  heat  by  different 
substances,  certain  mechanical  and  chemical  appliances  for  reducing 
the  temperature,  etcetra,  it  is  hoped  will  be  dealt  with  in  the  after 
discussion. 

Looking  at  the  question  from  a  mining  point  of  view,  and  after 
an  experience  of  nearly  twenty  years  in  the  deepest  mines,  I  believe 
coal  will  be  worked  fis  deep  as  it  will  be  found  to  exist.  In  arriving 
at  this  opinion  I  have,  amongst  other  matters,  considered  the  fact 
that  the  thickness  and  (quality  of  the  deepest  coal  already  proved  is 
not  thin,  faulty,  or  inferior  (which  might  have  led  to  certain  doubts 
being  entertained),  but  on  the  contrary  the  deep  seams  are  four 
to  six  feet  thick,  and  equal  in  quality  to  the  best  coal  hitherto  pro- 
duced. With  reference  to  labour  there  has  been  for  some  time  past 
a  reduction  in  the  number  of  accidents  in  proportion  to  the  quantity 
of  material  raised,  due  no  doubt  to  parliamentary  legislation,  better 
education,  and  stricter  discipline,  from  which  it  may  be  assumed  that 
deep  coal  will,  in  the  future,  be  won  without  greater  loss  of  life  tlian 
in  the  past. 
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OK  LinDOPHLOIOS  AKD  LSPIDODBHDSOK. 
B7  WM.  CASH,  F.O.8.,  F.L.S.,  F.B.M.S.,  AlfD  JAS.   LOMAX. 

The  genus  LepidqpUoios  appears  fo  have  been  established  by 
Sternberg  at  a  time  when  our  knowledge  of  Carboniferous  |daat8  was 
based,  for  the  most  part,  upon  merety  superficial  charactos  and  Bot 
upon  the  anatomical  structure  of  the  plants  tiiemselves.  The  two 
genera,  Lqndodendron  and  Lepidopkhios,  though  long  known- to  hold 
close  affinities,  are  clearly  separated  by  well-maiked  characters. 

In  Lepidodendnm  tJie  leaf-cushions  are  fusiform  or  quadrate, 
varying  much  in  form,  even  in  tjie  siune  epecies,  aoccHiding  to  their 
position  on  tjie  stem  and  conditions  of  growth.  Situated  (m  the 
cushions  and  generally  above  the  centre  is  the  leaf-scar  prcq^er,  whose 
upper  and  lower  boundary  lines  are  usually  more  or  less  convex  and 
unite  in  lateral  angles.  Within  the  leaf-scar  are  three  punctiform 
cicatricules,  the  central  of  which  is  alone  connected  with  the  vascular 
system,  the  two  lateral  being  probably  glandular.  The  cones  in  some 
species  are  borne  at  the  terminations  of  the  branches,  and  in  others 
in  two  opposite  vertical  rows  (Ulodendron,  L.  and  H.,  in  part). 

In  Lepidaphloios  the  leaf-cushions  are  rhomboidal  (as  in  L.  lari- 
cinum)  or  elongated-truncate  (as  in  L.  scoticum),  and  the  leaf-scar  is 
situated  at  the  extremity  of  the  cushion,  having  three  punctiform 
cicatricules  as  in  Lepidodsndron.  The  cones  are  borne  on  specially 
modified  branches  and  are  arranged  in  spirals  {Tlalonia,  L.  and  H.) 

The  two  genera  are  therefore  very  distinct  in  the  position  of  the 
leaf-scar  on  the  cushion,  as  also  in  the  mode  of  fructification.  The 
knowledge  obtained  of  the  structure  of  Lepidophloios  since  Sternberg's 
time,  and  especially  that  acquired  in  recent  years,  has  confirmed  the 
view  of  its  close  affinity  with  Lepidodendron, 

Williamson  has  described  the  twigs,  branches,  stems,  and  fruits 
of  Lepidophloios  brevifolium  from  Burntisland,  and  has  shown  that, 
fundamentally,  these  have  the  structure  of  the  same  parts  of  Lepido- 
d^ndron- 

Solms-Laubach,  in  his  *  Einleitung  in  die  Palsephytologie,'  states 
that  Corda's  Lomatojyhloios  crassicaule  has  a  structure  similar  to  that 
of  the  true  Lepidodendf'on  Harcourtii, 
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Inasmuch,  however,  as  Corda's  geuus  Lomatophloios  is  Stern- 
berg's LepidophhioSy  there  is  sufficient  justification  for  his  conclusion 
that  the  structure  of  Lepidodendron  Harcourtii  may  occur  in 
Lepidophloios. 

Further,  the  same  authority  states  tliat  the  plant  described  by 
Williamson  as  Lepidophloios  hremfolium  is  intermediate  in  structure 
between  Lepidodendron  Ilaramrtii  an:l  Lepidodendron  vasculare, 
Binney  (L.  selaginoidesy  Carr  and  Will.)  Its  primary  xylem  has  not 
the  crenulated  outline  of  the  former  species,  though  its  structure  is 
the  same,  but  its  leaf-trace  bundles  run  downw^ards  with  only  a  slight 
projection,  as  in  the  latter.  It  further  agrees,  he  adds,  with  the 
latter  in  the  massive  development  of  its  secondary  xylem.  To  these 
proofs  of  the  near  relation  of  the  two  genera  under  consideration,  we 
are  in  a  position  to  add  yet  another,  drawn  from  a  specimen  which 
we  discovered  some  short  time  ago.  This  consists  of  a  fossil  stem 
whose  external  surface  is  marked  by  tolerably  well-preserved  charac- 
ters, which  leave  no  doubt  that  it  must  be  referred  to  the  genus 
Lepidophloios  as  defined  by  Sternberg. 

Transverse  sections  of  it  show,  however,  that  in  internal  struc- 
ture it  is  identical  with  the  plant  described  by  Williamson  in  his 
Xlth  memoir  as  Lepidodendron  Harcourtii,  but  since  named  by  him 
Lepidodendron  fuliginosum. 

The  primary  xylem  has  an  outer  periphery  slightly  crenulated, 
is  in  the  form  of  a  thin,  hollow  cylinder,  and  encloses  a  tolerably 
large  pith  composed  of  thin-walled  parenchyma.  Surrounding  the 
primary  xylem  is  a  zone  of  dark,  indistinct  tissue  in  which  are 
radially  disposed  elements,  and  which  Williamson  regards  as  the 
exogenous  zone  (secondary  xylem)  in  an  immature  condition.  Outside 
this  is  the  thick  cortex,  which,  in  its  general  appearance  as  well  as  in 
the  structure  and  the  arrangement  of  several  layers,  is  in  close 
agreement  with  that  of  Lepidodendron  fuligiiiosum/'' 


*  Communicated  to  the  Meeting  of  the  British  Aisociation,  1890. 
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ON   THE  SO-CALLED  INOLETON   GRANITE.       BY  THOMAS  TATE,   F.O.S. 

Under  this  commercial  name  a  rock  has  recently  been  brought 
into  the  market  for  road  metal.  It  is  quarried  in  the  Borrowdale 
Series  underlying  the  Mountain  Limestone  forming  Twistleton  Scars 
on  the  north-west,  near  to  Dale  Bam,  and  Raven  Scars  on  the  south- 
east ;  extending  thus  quite  across  the  Dale  above  Ingleton,  having  a 
thickness  of  about  400  yards,  with  a  sharp  dip  to  the  south-west. 

This  rock  has  given  rise  to  much  discussion  locally,  as  to  its 
origin.  It  has  been  variously  described  in  published  records  as  a 
conglomerate,  a  trap,  a  felspathic  ash,  and  as  a  metamorphic  slate. 

As  to  the  texture  of  the  rock,  no  one  of  its  components  is  con- 
spicuously larger  than  the  average  of  its  fellows  ;  each  layer  exhibits 
a  uniform  grain,  but  the  layers  graduate  from  about  one-eight  of  an 
inch  down  t()  the  iiuest  granules.  This  marked  uniformity  along 
successive  planes  points  to  the  sorting  action  of  gravity  exerted  upon 
materials  held  in  a([ueous  suspension.  Sedimentation  is  further  iu 
evidence  l)y  the  parallelism  of  all  the  longer  axes  and  the  stratitica- 
tiou  arising  therefrom.  Beneath  the  microscope  most  of  the  ingredients 
are  seen  to  be  sharply  angular,  nevertheless  a  fair  proportion  are  well- 
rounded  and  water-worn. 

The  detritus  of  a  ([uartzite  has  supplied  many  of  the  clastic 
elements.  Next  to  this  come  crystals  of  ([uartz  and  felspars,  both 
orthoclase  and  plagioclase,  the  latter  being  the  more  abundant, 
relatively,  in  the  iiner-grained  layers.  Ancient  lavas,  both  acidic 
and  basic,  devitritied  spluerulitic  rhyolites,  augite,  andesites,  and 
deep-seated  microi)egmatite  have  contributed  of  their  spoils. 

These  detrital  products,  enclosed  in  a  volcanic  ash  matrix  of  a 
(liabasic  character,  have  consolidated  into  a  tough  rock  of  low-specitic 
gravity  (2"6iK^),  and  possessing  great  tenacity. 

With  the  exception  of  a  few  strain-shadows  along  the  margins 
of  (quartz  grains,  the  micro-slides  olfer  no  suggestions  of  the  ingre- 
dients having  suffered  from  mechanical  deformation.  In  the  quarry, 
however,  may  be  noticed  one  or  two  quite  local  examples  of  schis- 
tosity  resulting  from  shearing,  in  close  proximity  to  shrinkage  joints, 
now  infilled  with  quartz  and  a  green  etirthy  degradation  product. 
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Above  and  below  this  rock  shades  off  conformably  into  grey- 
green  indurated  ash-beds,  a  layer  of  which  also  occurs  in  the  middle 
of  the  rock  in  the  quarry.  Flakes  and  lenticular  fragments  of  vol- 
canic mud,  scooped  off  the  old  sea-floor,  have  been  caught  up  in  the 
superposed  volcanic  ash  matrix,  near  to  the  line  of  junction,  and 
some  of  these  entangled  patches  when  freshly  exposed  in  the  quarry 
show  internally  a  septarian  arrangement,  the  outer  portions  flaking 
off  along  faces  coated  with  a  lustrous  film  ;  the  inner  surface  subse- 
quently weathering  to  a  variegated  dull  purple  or  brownish  tint. 

The  quarry  in  Chapel-le-Dale  may  be  inspected  on  the  way  to 
or  from  Ingleborough.* 


*  Read  before  Section  C  (Geology)  British  ABsoclation  Meeting,  held  at 

Leeds,  1890. 
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PHTSICAL  mSTORT  OF  THB  CARBONIFEROUS  ROCKS  IN  UPPER  AIRS-DALE. 
BT  R.  H.  TIDDBMAN,  M.A.,  F.a.&,  OF  THE  GBOLOGIOAL  SURVEY. 

During  the  last  few  years  the  rocks  in  this  area  have  been 
mapped  in  considerable  detail  bj  the  Qeological  Survey,  and  the 
results  which  are  coming  out  seem  likely  to  throw  much  light  upon 
the  phyriography  of  Gaiboniferous  seas  and  perhaps  upon  the  gene»8 
of  some  limestones  of  other  ages. 

It  was  alwajrs  a  puzde  to  those  geologists  who  knew  the  ground 
how  it  came  to  pass  that  the  well-known  and  very  persistent  series  of 
the  several  limestones  of  the  Toredale  Beds  ran  with  such  regularity 
over  the  great  area  of  the  Yorkshire  dales  and  yet  were  not  recognizable 
over  the  area  of  Bowlaud  and  the  southern  part  of  Craven. 

Until  the  area  of  which  we  now  speak  was  carefully  surveyed, 
it  was  assumed  that  there  was  a  rapid  transition  of  type  in  tl^.e 
Carboniferous  Rocks  between  CHtheroe  and  the  big  fells  north  of 
Settle  and  Malhani,  but  as  to  the  cause  of  sucli  a  rapid  change  no 
explanation  was  forthcoming.  Even  Professor  Phillips,  who  knew 
the  country  perhaps  best  of  any  among  the  old  pioneers  of  Geoloja;}*, 
oft^n  expressed  himself  to  me  as  quite  unable  to  account  for  it.  If 
there  is  one  thing  more  clearly  brought  out  than  another  by  the 
mapping  in  detail  of  this  ground,  it  is  this,  that  there  is  absolutely 
no  transition  from  one  type  to  the  other.  The  two  types  run  un- 
changed in  their  respective  areas  and  with  complete  discordance  with 
each  other,  quite  up  to  a  common  boundary  where  the  differences  are 
rather  accentuated  than  smoothed  down.  They  might  be  Jews  and 
Samaritans,  agreeing  in  nothing  save  a  common  boundar}-  to  their 
territories  and  a  determination  to  have  nothing  to  do  witli  one 
another. 

The  line  of  demarcation  is  given  by  the  Craven  Faults,  and  more 
particularly  by  that  which  runs  by  the  south  end  of  Malham  Tani 
and  that  which  passes  between  Malham  Cove  and  Malham. 

With  these  preliminary  remarks  we  may  intnxluce  a  table 
showing  the  rocks  in  the  two  areas  and  their  principal  divisions  and 
thicknesses. 
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TABLE  OF  THE  CARBONIFEROUS  ROCKS  IN  CRAVEN. 


Southern  or  Bowland 
T^rpe. 

Coal  Mbasures 

Feet. 

Feet 

Northern  or  Toredale 
Tjpe. 

1,600 

4. 

•  •  • 

Goal  Mba-      )  «^4 

(Ingleton) 

1 

SURES 

Ill 

Incom] 
oearthe 
in  this 

M1LL8TONK  Gbits 

8,!«00 

■  • 

Millstone 

2 

Grits           J 

Bowland  Shales 

300,.I»000 

9 

f  "^ 

400—900 

YOREDALE  SBBIBS 

Pbndlbside  Obits 

0  -  250 

J  0 

(iDconBtant) 

'    8 

Pkmdlesidb  Luib- 

0-400 

]  ^ 

STOiiB    (with 

^ 

Knoll-Reefs) 

Shales,  with  Lime- 

2,r)00 

'    0 

'400-800 

The  Garbonifbbgus 

Btones 

H  ; 

1 

LiMBhTONE      (with 

coQglotiierutes      at 

Clithbrob    Lime- 

X 8,250 

J 

buse). 

stones    (with 

1 
t 

Kuoll-Ret  t») 

1 

No  b:i8e. 

The  rocks  on  botli  sides  of  these  faults  seem  to  have  been 
formed  on  slowly  .subsiding  areas,  but  the  Bowland  area  appears  to 
have  been  subsiding  more  quickly  and  to  a  greater  extent  than  the 
area  occupied  by  the  Yoredale  type.  It  represents  the  downthrow 
side  of  the  faults.  The  other  side  of  the  faults  of  course  is  relatively 
an  upthrow. 

The  question  next  arises  :  When  did  these  earth-movements 
take  place? 

We  know  that  some  of  the  movements  have  occurred  since  the 
deposition  of  the  Permian  rocks,  because  these  have  in  places,  near 
as  Ingleton,  been  tilted  up  at  high  angles  thereby  ;  but  we  also  know 
that  a  far  gieater  part  of  tliem  were  going  on  before  the  Permian 
rocks  were  deposited,  because  these  lie  at  different  places  by  uncon- 
formity on  all  the  members  of  the  Carboniferous — a  series  which 
shows  near  Burnley  a  vertical  thickness  of  three  miles  of  rocks 
without  base  or  completed  top.  The  movements  necessary  to  subject 
so  great  a  thickness  of  rocks  to  denudation  in  all  its  members  before 
the  advent  of  the  Permian  epoch  must  have  been  enormous.  We 
may,  therefore,  well  believe,  and  indeed  can  hardly  doubt,  that  the 
crust  was  subjected  to  great  movements  during  Carboniferous  times. 
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When  fordier  we  ooDtider  Iiow  gratt »  tlui  diKEepuiqr  betweeo 
<tlie  lodoB  <tf  tlie  two  aiQM  in  serieB  iiid  in  thic^ 
'Fiiilts  form  tlie  bomkUiy,  ind  that  %  shaip  one,  betwera  them— that 
dieae  two  serieB  proceed  from  that  iKHmdaiy 
ooe  as  fiur  as  ti^  Vyne,  and  the  othw  to  the  western  limit  of  the 
OarixMiiferoiia  Rocks  on  tiie  seaside  plain  of  Lancashire — that  the 
gieatar  thickness  is  on  the  downtiuow  f^  of  the  &nlts — ^if  we  take 
all  these  points,  I  say,  into  consideration,  it  is  impossible  to  come  to 
any  other  conclusion  than  this : — 

That  the  Craven  Faults  were  to  a  Teiy  considerable  extent  gmng 
on  during  the  formation  of  tlrase  rodcs  and  tlmt  they  are  responsible 
for  the  lack  of  agreement  between  the  two  sfflies  which  were  being 
simultaneously  d^osited  in  th$  two  adijaoent  areas. 

This  appears  at  first  sight  to  be  a  rather  large  subject  to  be 
introduced  into  a  description  of  the  small  valley  of  the  Upper  Aire, 
but  it  so  happens  that  it  was  this  valley  in  the  neighbourhood  of 
Malham  together  with  tlie  adjacent  country  on  either  side,  along  the 
faults  westwards  to  the  Ribble  and  eastwards  to  the  Wharfe,  which 
gave  the  key  to  unlock  the  mystery  to  which  I  have  alluded.  I  had 
long  suspected  that  these  faults  had  been  at  work  in  Carboniferous 
times,  but  until  this  particular  piece  of  ground  lately  fell  to  my  lot 
to  map,  the  actual  demonstration  was  wanting.  I  then  not  only  found 
my  suspicions  confirmed,  but  the  uncompromising  nature  of  the  two 
adjacent  types  set  forth  in  a  maimer  most  unmistakeable. 

If  we  are  driven  to  the  conclusion  that  the  movements  of  the 
Craven  faults  and  the  consequent  alterations  of  conditions  of  deposit 
were  the  causes  of  the  two  distinct  series  in  the  areas  north  and 
south  of  the  faults,  several  interesting  questions  arise.  We  may 
expect  that  on  the  downthrow  side  we  shall  get  a  series  of  deposits 
of  which  a  greater  portion  has  been  formed  under  deeper  water 
conditions  than  we  shall  find  on  the  upthrow,  or  rather  lesser  down- 
throw, side. 

Though  doubtless  the  movements  proceeded  by  fits  and  starts, 
and  were  not  always  at  uniform  rates,  still  there  will  be  a  greater 
number  of  beds  representing  shallow  than  deep  water  conditions. 

If  we  can  ascertain  which  beds  are  which,  we  shall  be  able  to 
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get  a  juster  notion  of  the  relative  rate,  duration  and  extent  in  depth 
of  the  several  successive  movements  which  combined  have  brought 
about  the  final  results.  Relative  only,  for  so  far  we  have  no  positive 
scale  to  give  us  either  the  rate  of  the  earth  movements  or  of  the 
formation  of  the  deposits  whose  character  was  dependent  on  them. 

There  is  in  the  first  place  much  presumptive  evidence  to  be 
gained  by  consulting  the  Table  of  Rocks  by  any  one  who  has  a  little 
personal  knowledge  of  them.  For  instance,  let  us  take  (on  the 
shallow  side)  the  Carboniferous  Limestone,  400  ft.  It  is  nearly  all  a 
whitish  or  light  crystalline  limestone.  Shales  are  seldom  seen  in  it 
or  are  very  thin.  On  the  deeper  side  this  is  represented  by  Pendleside 
Limestone  0 — 400  ft.,  Shales  with  Limestone  2,500  ft,  Clitheroe 
Limestone  3,250  ft.  Of  these  three  the  first  is  very  variable  in 
thickness  and  sometimes  absent ;  the  second  consists  much  more  of 
shale  than  limestone,  and  its  contained  limestones  are  often,  in  fact 
usually,  very  impure,  besides  being  untraceable  for  any  distance  ;  and 
the  third,  the  Clitheroe  Limestone,  includes  great  thicknesses  of  shale. 
Then  to  go  higher.  The  Yoredale  Series  on  the  shallow  side  contains 
many  beds  of  pure  limestone,  persistent  for  the  most  part  throughout 
the  area.  The  Bowland  shales  on  the  deeper  side  contain  no  lime- 
stones at  all. 

What  is  the  general  result  to  be  gleaned  here  ?  This  :  that  in 
the  sliallower  waters  the  limestones  predominate,  in  the  deeper  waters 
the  shales  and  mud. 

But  we  must  be  cautious  ;  all  limestones  are  not  shallow-water 
deposits ;  all  muds  are  not  deposited  in  deep  waters.  There  are 
differences  in  limestones,  and  we  are  enabled  to  determine  that  some 
of  them  are  of  shallow  water  formation  and  others  probably  made  at 
greater  depth. 

There  are  two  very  distinct  kinds  of  limestone  in  the  country  on 
the  downthrow  side  of  the  faults,  the  black,  or  blue  as  it  is  often 
called,  and  the  white  or  light  coloured  limestone.  They  are  not  only 
distinct  in  lithological  character  but  in  bedding  and  general  arrange- 
ment, as  well  as  in  their  form  in  the  mass,  and  the  character  which 
they  give  to  the  landscape.  The  black  limestone  is  always  well, 
evenly,  and  usually  thinly  bedded,  and  contains  shaley  partings. 


4M   TBPfWftff :  (MmammMom  bogu  m  ovma  aiss-baul 

TIm  itrikft,  «ioq^  ina  oontorted  oeanlqr,  is  gMieiiOjr  vwy  regakr 
aad  continnoas.  On  miiiiite  eTiniinfttkm  liiit  loek  is  foand  to  be 
AA  of  Fonyniiiilbns  and  fiigmonlB  of  ollnr  oigaiuniis  in  «  slate  of 
4ift}iy^fgiwaiMij  tfuMtgli  purfefifc  feamk  of  oertdb  Idads  frequoDlfy  occur 
in  it  It  would  be  called  by  a  geokgisl  a  ifistinetljr  well  stimtified 
took ;  it  gives  good  regular  fBataies  along  its  strike,  and  ext^s 
over  wide  aieaa 

The  white  limestones  south  of  the  fiuilts,  on  the  other  hand, 
are  notaUe  dx  their  oompaiatimljr  massive  dbaiaeter  and  inegukr 
bedding.  Thqr  ocenr  8poiadicalfy»  riling  into  big  moonds  of  conical 
fionn  whidi  usually  lesl  oil  the  Uadc  lime^ones.  They  oontain  great 
quantities  of  Cq^halopods,  Braduc^odsy  Lamdlibranchs,  Gasteropods, 
Oonds.  etc,  and  these  are  often  in  a  wondsrfbny  pofect  state,  and, 
from  the  way  in  which  they  compose  the  rods,  appear  to  have  lived 
and  died  on  the  spot 

The  general  structure  of  these  big  mounds,  or  Kuoli-Reefs,  a^  I 
have  called  them,  is  very  peculiar.  They  do  not  obey  the  rules  of 
dip  aud  strike  which  are  usually  fouud  to  obtaiu  iu  ordiuary  parallel- 
bedded  deposits,  and  any  one  seeking  to  <apply  these  rules  to  thew  in 
mapping  will  be  landed  iu  numerous  puzzles  and  difficulties.  Wheu, 
however,  from  the  examination  of  several  of  them,  the  general 
structure  is  once  mastered,  their  peculiar  forms  si)on  become  easy  of 
comprehension.  Where  they  are  quite  perfect,  a  condition  iu  whicli 
weathering  has  seldom  left  them,  they  are  seen  to  consist  of  a  flat 
top,  the  dip  of  which  usually  agrees  with  that  of  the  other  rocks  of 
the  country  around  in  every  direction  and  angle  of  dip,  and  steep 
sides  all  round,  the  dip  of  which  is  away  from  the  centre  of  the  liill. 
This  dip  averages  30°  to  35',  but  may  be  much  higher  or  lower,  in 
proportion  as  the  dip  of  these  flanking  beds  is  increased  or  lessened 
by  the  general  dip  of  the  country  round.  The  dip  of  the  flat  at  the 
top  is  a  plane  of  deposition,  which  was  once  horizontal.  The  dip  of 
the  flanking  beds  represents  on  the  other  hand  an  (niguial  angle  of 
depasity  plus  or  minus  any  subsequent  tilting  by  movements  of  tlie 
orust. 

In  other  Knoll-Reefs,  which  have  been  cut  into  by  weathering? 
or  quarrying,  we  find  that  the  beds  within,  thoiigh  sometimes  obscure, 
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present  the  usual  dip  of  the  country,  but  following  them  outwards 
we  find  them  running  into,  and  continuous  with,  the  flanking  beds. 

It  is  pretty  obvious  from  their  structure  that  the  internal  beds 
represent  successive  layers,  limited  in  their  area,  of  growths  of 
organisms,  and  that  they  pass  into  steeply-shelving  banks  of  similar 
debi'is  lying  on  the  flanks  of  the  knoll  at  an  angle  of  rest.  The  study 
of  the  fossils  composing  these  respective  beds  quite  confirms  this  idea. 

From  these  and  other  considerations,  which  would  be  too  long 
to  enter  into  here,  there  can  be  very  little  doubt  that  the  mounds, 
or  knoU-reefs,  have  been  formed  in  a  similar  way  to  coral  reefs,  by 
growth  upwards  under  favourable  conditions  of  the  animals  of  which 
they  are  composed,  and  by  the  piling  up  by  waves,  perhaps  also  in 
some  places  by  winds,  of  the  resulting  debris.  This  has  no  doubt 
been  going  on  upon  a  slowly  sinking  area,  and  it  is  a  remarkable  fact 
that  none  of  these  mounds  so  far  have  been  found  except  on  the 
sinking  area  on  the  downthrow  side  of  the  Craven  Faults. 

It  is  evident  from  facts  collected  in  this  area  that  large  portions 
of  those  reefs,  if  not  all  successively,  have  been  exposed  to  the  wash 
of  the  waves  between  wind  and  water,  as  is  the  case  with  coral-reefs. 
Breccias  composed  of  fragments  of  limestone,  mostly  sharply  angular, 
some  more  rounded,  and  others,  less  frequently,  worn  into  pebbles, 
have  been  found  abundantly  in  mauy  places.  In  some  cases  the 
breccia  forms  part  of  the  inner  beds  of  the  reef ;  in  others  it  is  well 
developed  in  the  flanking  beds  ;  and  elsewhere  we  find  beds  of  breccia 
formed  on  the  sea  bottom  adjoining  the  reef,  and  inter-bedded  with 
the  lowest  beds  of  shale  accumulated  on  the  sea  bed  from  which  the 
knoll  has  grown  up. 

Here  then  we  have  good  evidence  of  these  white  limestones 
having  been  formed  in  shallow  water,  so  shallow  that  the  breakers 
could  play  upon,  break  up,  and  re-arrange  them  on  the  shore  platform 
above,  or  consign  them  to  deep  water  below. 

Furthermore,  some  of  the  white  limestones  in  certain  places 
present  phenomena  which  suggest  that  they  liave  been  formed,  or 
rather  re-constructed  from  calcareous  debris,  by  wind-drifting,  or 
have  at  any  rate  been  consolidated  in  the  open  air,  but  as  this  matter 
ig  still  under  examination,  I  must  postpone  any  further  remarks  on 
this  part  of  my  subject. 
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Although  tiie  white  limestones,  from  their  sporadic  distribatioii, 
their  physical  structure,  and  tiieir  material,  are  evidently,  if  not 
ooral-reefs,  something  formed  in  a  kindred  way,  the  Mack  limesloiies 
show  marked  contrast  to  them  in  eveiy  way,  and  evidentiy  have  had 
a  totally  different  origin.  Most  of  these  black  limestones,  which  to 
the  eye  appear  to  be  structureless,  are  found,  when  sliced  and 
examined  by  the  microscope,  to  be  to  a  veiy  large  extent  made  up 
of  Foraminifera  and  fragments  of  otiier  oiganisms  in  a  stale  of 
minute  disintegration.  Not  that  there  is  altogether  a  lack  of  larger 
and  more  perfect  specimens,  but  these  are  not  nearly  so  abundant  as 
in  the  white  limestones.  Then  the  strongly  maiiced  bedding,  m 
regular  and  parallel,  the  frequent  alternations  with  thin  beds  of  shale, 
and  the  wide  and  uninterrupted  spread  of  these  deposits,  aie  all 
suggestive  of  deposition  in  waters  which  were  not  shallow,  and  in 
which  similar  conditions  prevailed  over  wide  areas. 

Without  going  further  into  the  evidence  here,  we  may  say  that 
it  is  highly  probable  that  the  black  limestones  are  successive  floors  of 
the  ocean  bed  of  Carboniferous  times,  and  tliat  the  white  limestones 
are  the  islands  which  dotted  its  surface. 

These  conclusions  are  derived  from  minute  examination  of  a 
wide  area,  and  it  now  remains  to  apply  them  to  a  part  of  it,  the 
Upper  Aire  Valley.  The  portion  of  the  Aire  Basin  which  I  propose 
to  allude  to  is  that  N.  and  N.R  from  Skipton,  containing  the  head 
waters  of  the  Aire  from  Malham  Tarn  downwards  and  its  tributaries, 
Winterbum  Beck,  Flashy  Beck,  Linton  Beck,  and  Skipton  Brook. 

If  we  take  these  areas  in  order  from  the  South,  as  seen  in  one- 
inch  maps,  60  and  61  (New  Series)  of  the  Geological  Survey,  we 
shall  find  that,  after  leaving  that  portion  of  the  valley  which  cuts 
the  Millstone  Grit  Series  with  its  escarpments,  we  have  (1)  a  great 
anticline  which  runs  E.N.E.  and  W.S.W.  from  Skipton,  passing  by 
or  near  Bolton  Abbey ;  next  (2)  a  syncline  of  which  the  centre  lies 
near  Gargrave,  and  which  brings  down  in  its  fold  the  Millstone  Grits 
along  a  line  from  Flasby  Fell,  or  Sharp  Haw  (pronounced  Sharpa), 
to  the  Wharfe  at  Bolton  Strid.  (3)  North  of  this  comes  another 
anticline,  marked  by  the  limestones  running  from  near  Otterburn  to 
Grassington,  also  on  the  Wharfe.     (4)  A  lesser  anticline  runs  out 
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from  this,  budding  off  as  it  were  from  it  on  the  North,  near  Airton, 
aud  this  is  succeeded  by  (5)  A  small  syncline  lying  just  south  of  the 
village  of  Malhaiu. 

We  have  already  stated  that  the  white  limestones  are  only 
sporadic  in  their  distribution.  We  may  also  state  that  they  occur 
on  at  least  two,  and  probably  more  horizons.  Referring  to  the  Table 
of  llocks,  we  may  say  that  they  occur  both  in  the  Clitheroe  Limestone 
and  in  the  Pendleside  Limestone.  They  are  far  more  abundantly 
distributed  on  the  former  horizon  in  the  Clitheroe  District  than  in 
this  northern  part.  On  the  other  hand  they  are  commoner  in  this 
part  on  the  horizon  of  the  Pendleside  limestone  than  on  any  other. 

The  great  anticline  of  limestone  so  much  worked  near  the  Leeds 
and  Liverpool  Canal  to  the  north  east  of  Skipton  at  Haw  Park  and 
Skibeden  is  mostly  of  black  limestone.  It  is  probably  of  the  same 
horizon  as  the  Bold  Venture  Quarries  at  Chatburn,  and  certainly 
belongs  to  the  Clitheroe  set  of  Limestones. 

The  big  patch  of  limestone  extending  fi-om  Otterburn  by  Winter- 
bum  and  Hetton  to  Rylstone,  is  on  the  Clitheroe  horizon,  and  is  all 
of  the  black  limestone,  except  a  small  patch  on  its  surface  at  Haw 
Crag  Quarry,  above  Bell  Busk,  where  the  limestone  has  a  decided 
reef  character,  and  perhaps  also  on  the  hill  east  of  Winterburu,  but 
this  is  more  doubtful.  This  anticlinal  area  of  limestone  shows  a 
thickness  of  upwards  of  2,000  ft.  without  a  base. 

Limestones  of  reef  character  also  occur  near  Pot  House  and 
Holmes  Gill  Green,  but  they  are  much  disturbed,  and  cannot  be 
regarded  as  typical  examples  of  reef-knolls. 

The  Pendleside  Limestone  is  separated  from  the  Clitheroe  Lime- 
stone below  by  a  thickness  of  2,000  or  2,500  feet  of  shales  with 
impure  limestones  and  mudstones,  which  may  be  seen  in  the  Winter- 
burn  Valley,  in  the  Aire  Valley  from  Newfield  quarry  to  and  beyond 
Eirby  Malham,  east  of  Rylstone,  and  in  other  places. 

The  great  interest  attaching  to  them  lies  in  their  approaching 
with  this  thickness  so  near  to  the  faults  in  this  area,  though  entirely 
absent  to  the  north  of  them.  The  range  of  the  Pendleside  Limestone 
may  be  followed  on  the  maps  without  much  difficulty.  It  crosses 
the  Aire  Valley  between   Eirby  Malham  aud   Malham.      A  good 
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section  of  it  with  beds  of  reef  cliaracter  may  be  seeu  on  the  east 
side  of  the  stream  here. 

A  little  further  south  and  on  to  Calton  it  is  much  contorted  and 
also  faulted.  From  this  village  eastwards  it  is  much  concealed 
by  drift,  but  shows  again  with  sections  of  great  interest  at  the 
Winterbum  Reservoir.  Here  we  have  black,  well-bedded  limestone 
surmounted  by  white  reef  limestone  with  little  bedding,  but  the 
upper  sloping  sur&ce  of  it  as  seen,  or  lately  seen,  in  the  dam  of  the 
puddle  trench,  consists  of  a  close  breccia  of  angular  fragments  of 
limestone.  The  Bowland  Shales  in  Calfgill  (or  Way  gill,  one-inch 
map)  hard  by,  are  full  of  beds  containing  fragments  and  pebbles  of 
limestone,  and  even  large  detached  boulders  are  found  in  them.  These 
interesting  sections  will  unfortunately  be  drowned  in  the  waters  of 
the  Reservoir. 

To  the  East  this  limestone  is  only  obscurely  shown  for  some 
distance,  but  it  swells  out  again  into  bigger  dimensions  at  the  great 
long  knoll  of  Swindeii,  and  on  the  other  side  of  a  peaty  swamp, 
containing  a  trough  of  Bowland  Shales,  is  conspicuous  in  a  wonderful 
assemblage  of  knolls,  bearing  the  names  of  Skelterton,  Garden, 
Butterhaw,  Stebden,  Elbolton,  and  many  others,  running  hy  Biirnsall 
to  the  Wharfe.  Elbolton  and  Stebden  are  extremely  fine  and 
conspicuous  examples,  Stebden  in  piirticular  rising  high  towai-ds  the 
Grit  Fells,  and  showing  well  the  quaquaversal  dip  of  its  flanking 
beds.  Skelterton  appears  rather  to  exhibit  a  section  of  the  internal 
economy  of  a  knoll,  showing  great  stools  of  coral  running  in  beds, 
the  interspaces  being  filled  up  with  crinoidal  remains. 

As  we  trace  these  beds  away  on  the  south  side  of  the  anticline 
they  lessen  much  in  feature  and  thickness,  so  much  so  that  we  cannot 
follow  them  with  certainty  beyond  Flashy.  On  the  north  side  of  the 
Skipton  anticline,  however,  they  come  in  on  the  same  horizon,  and 
may  be  traced  for  some  miles,  exhibiting  in  places  a  decidedly 
brecciated  character. 

The  well-known  Draughton  Limestone  on  the  south  side  of  that 
anticline,  so  popular  as  an  instance  of  a  contorted  limestone,  is  seen 
on  weathered  surfaces  to  be  made  up  of  breccia  in  some  of  its  beds, 
a  fact  which  1  believe  has  hitherto  escaped  notice.     This  is  well  .seen 
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also  in  a  quarry  close  to  the  right  side  of  the  road,  where  there  is  a 
limekiln,  on  the  way  from  Skipton,  just  before  getting  to  Draughton. 

The  general  arrangement  of  the  Pendleside  Limestone  in  this 
area  is  a  dark,  well-bedded  limestone  below,  with  white  crystalline 
limestone  above ;  where  thin,  the  latter  oft^n  consists  of  a  breccia, 
but  where  thick,  it  grows  into  great  knolls ;  and  these  appear  to 
increase  in  size,  and  frequency  in  proximity  to  the  Craven  Fault. 

We  started  to  follow  the  range  of  the  Pendleside  Limestone  in 
the  Aire  valley,  between  Malham  and  Kirby  Malham.  To  resume  it 
there  : — we  find  that  it  dips  to  the  north  and  disappears  beneath  the 
Rowland  Shales,  which  are  seen  in  several  places,  but  this  is  only  for 
a  short  distance,  for  it  rises  quickly  again  and  forms  those  two  great 
knolls  between  which  the  village  of  Malham  snugly  nestles.  Then 
comes  the  fault,  not  very  clearly  seen  in  the  river  course,  then 
Malliam  Cove,  and  further  east  Gordale  Scar,  two  of  the  grandest 
features  of  tlie  district. 

Breccias  of  fragments  of  limestone  occur  in  the  lower  part  of  the 
Bowland  Shales  in  ascending  Tranlands  Beck  where  the  first  little 
stream  joins  it  from  the  north,  and  still  better  are  they  seen  higher 
up  the  same  little  gill,  near  the  "  M  "  of  Malham  on  the  one-inch 
map,  close  to  *'  Heads  Barn." 

Further  to  the  south  and  west  good  exposures  of  these  beds  may 
be  studied  in  the  gill  a  few  hundred  yards  above  Pott  House,  and  a 
greater  thickness  in  Newton  Gill  about  a  mile  east  of  Long  Preston. 
East  of  Malham  we  have  already  alhuled  to  breccias  at  Winterburn 
Reservoir.  They  occur  also  between  Carden  and  Elbolton  Knolls, 
and  in  two  or  three  places  beyond  the  village  of  Thorpe  in  the 
Wharfe  valley.     At  these  localities  they  are  all  in  Bowland  Shales. 

If  we  ascend  to  the  top  of  the  crags  above  Malham  Cove,  we  soon 
find  ourselves  upon  the  great  plateau  of  the  Mountain  Limestone 
proper.  This,  though  broken  at  the  foot  of  Malham  Tarn,  by  the 
North  Craven  Fault,  which  throws  up  it«  base,  and  shows  us  how 
thin  it  is,  and  crossed  by  many  minor  faults,  is  one  and  the  same  as 
the  great  spread  of  Mountain  Limestone  which  lies  beneath  all  the 
Yorkshire  dales  and  extends  north  to  beyond  the  Tyne  valley.  We 
have  crossed  the  Fault,  and  in  so  doing  have  exchanged  the  Clitheroe 
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0r  Bowkiid  aeriis  ibr  tlio  Torodafe  ^rpe^  and  if  «e  eonld  leiUae  the 
state  of  affiunidien  thaao  lodka  note  ftwuiiiig,  wb  dioiild  pnbtUy 
■9^  tiwi  ve  kid  left  a  doap  tea  dotted  iiidi  UiiidB  ai^ 
vida  and  loiv  and  dudbnrnet 

Tlie  loivliistoqr  of  that  leef  and  Ha  dwiiaflna  froin  iia  eirly 
fimndatHMi  oo  a  Amfy  miild^g  platean  of  date  rodn,  te  ite  last 
phaasiriisn  tho  ammab  wtSkk  firod  on  it^  and  fotnied  it»  had  to 
aaoamih  to  condBtions  fiiKtal  to  Aeir  ezistenea,  the  recnmDoe  oft- 
vspeated  of  fiMrooiiiig  or  fiiKtal  enriioiiiiisntB,  the  movements  of 
sidimeiganee  and  emefgence  eomiectod  therawHh,  the  eel  td  tides 
and  eniientSy  tibe  tmnspott  of  material,  4liem  and  manjr  oiher  Hiatten 
may  be  read  in  the  Moontain  Tamestone  and  Torodale  Seriea^  but  u 
yet  thej  aie  written  onlf  in  tte  rocha. 
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During  the  past  year  the  Society  has  lost  six  members  by  death. 
Sir  Edward  Baines,  William  Aldam,  J.P.,  Edward  Hailstone,  F.S.A., 
Samuel  Taylor  Rigge,  F.S.A.,  Edward  Harding,  and  Samuel  A. 
Adamson,  F.6.S. 

Mr.  Adamson  was  the  Local  Secretary  of  this  Society  for  the 
Leeds  district,  and  in  a  many  ways  tlie  Society  has  been  indebted  to 
his  disinterested  energy.  His  early  death,  at  the  age  of  43,  left  his 
wife  and  four  children  nearly  unprovided  for ;  and  at  the  instance  of 
your  Honorary  Secretary  a  meeting  of  representatives  of  this  and 
other  Societies  with  which  he  had  been  more  or  less  intimately 
associated  was  held,  with  the  result  that  it  was  decided  to  appeal 
for  funds  to  form  a  Memorial  to  Mr.  Adamson,  which  should  be 
employed  for  the  benefit  of  his  widow  and  family.  At  the  present 
time  about  £175  has  been  subscribed. 

The  Annual  General  Meeting  was  held  in  the  Lecture  Theatre 
of  the  Literary  and  Philosophical  Society,  Halifax,  on  Wednesday, 
5th  of  November,  1890.  Mr.  Alderman  James  Booth,  Mayor  of 
Halifax  and  a  Vice-President  of  the  Society,  occupied  the  chair,  and 
the  following  papers  were  read  : — 
W.  E.  Garforth,  J.P.,  F.6.S.,  &c.,  "  On  Mining  at  100  yards  and 

deeper." 
Q.  R.  Vine,  "  Notes  on  the  Polyzoa  and  Microzoa  of  the  Red  Chalk  of 

Yorkshire  and  Norfolk." 
C.  E.  De  Ranee,  Assoc.  Inst.  C.R,  F.6.S.,  F.R.G.S.,  Secretary  of  the 

Underground  Water  Committee  of  the  British  Association, 

'*  Notes  on  Borings  for  Water  and  Salt  in  Yorkshire." 
Rev.  E.  Maule  Cole,  M.A.,  &c.,  "On  the  Opening  of  the  Great 

Tumulus  at  Duggleby." 
Thomas  Tate,  F.G.S.,  "  On  the  so-called  Ingleton  Granite," 
J.  R.  Mortimer,  **  On  the  Pre-history  of  Fimber." 
J.  R.  Mortimer,   "  On  the  supposed  Roman   Camp  at  Octon,  near 

Bridlington." 
O.  W.  Lamplugh,  "  On  the  Erratic  Boulders  of  the  Yorkshire  Coast." 


494  SECRETARY  S  REPORT. 

A.  W.  Harker,  M.A.,  F.G.S.,  "  Petrological  Notes  on  the  Boulders  of 

Flamborough  Head." 
J.  R.  Dakyiis,  F.G.S.  of  H.M.  Geological  Survey,  "  On  the  Changes 
of  the  Lower  Carboniferous  Rocks  in  Yorkshire  from  South  to 
North." 

B.  Holgate,  F.G.S.,  "  On  Some  Physical  Properties  of  Coal." 

B.  Holgate,  F.G.S.,  "  On  the  mode  of  Deposition  and  Properties  of 

the  Carboniferous  Strata  of  Leeds  and  District." 
William  Cash,  F.G.S.,  &c.,  and  James  Lomax,  **  On  the  Structure  of 
Lepidophloios." 

The  meeting  of  the  Britisli  Association  for  the  Advancement  of 
Science  has  been  held  this  year  at  Leeds,  and  the  members  of  this 
Society  have  taken  much  interest  in  its  proceedings.  A  large  aiul 
varied  series  of  scientific  papers  were  contributed  to  the  sections  by  its 
meuibers,  and  the  interest  attached  to  the  meeting  was  enliauceil 
by  the  services  they  rendered  Jit  the  excursions.  On  ^Saturday, 
September  Gth,  a  special  train  was  rnn  to  Bridlington  to  enable 
members  of  the  Association  to  visit  Flamborough  Head  and  Speeton. 
Mr.  (t.  W.  Laniplongh  taking  charge  of  the  Speeton  section  and 
Mr.  James  W.  Davis  guiding  the  party  to  Flaniborougli.  Mr.  K.  H. 
Tiddenian,  F.G.S.,  of  H.M.  Geological  Survey,  and  the  Rev.  Edward 
Jones,  President  of  the  Craven  Naturalists'  Association,  conducted  a 
party  to  Skipton,  Craven,  and  Thorp,  and  the  opportunity  was  taken 
to  visit  the  Elbolton  Cave,  which  is  in  process  of  exploration. 

On  the  following  Tliursday  a  large  party,  under  the  guiriance  uf 
Mr.  J.  E.  Bedford,  F.G.S.,  and  the  Rev.  E.  Maule  Cole,  M.A.,  F.G.S., 
visited  Clapham,  Ingleborough,  and  Norber ;  and  on  the  same  day  a 
party,  organised  by  the  Yorkshire  Naturalists'  Union,  spent  the  day 
at  Malham  and  Gordale.  The  geological  section  of  the  members  \va< 
conducted  by  Mr.  K.  II.  Tiddenian  and  Mr.  James  W.  Davis.  A  parts- 
visited  Scarborough  and  Middlesborough,  guided  by  Mr.  J.  W. 
Woodall,  M.A.,  F.G.S.,  of  Scarborough  ;  Mr.  T.  W.  Tew,  J. P., 
conducted  a  party  at  Pontefract ;  and  Mr.  W.  Home,  F.G.S. ,  had 
charge  of  a  company  of  meuibers  through  Wensleyilale.  Mr.  Richard 
Reynolds  officiated  in  a  similar  capacity  at  Beverley,  anil  ^Ir.  Eihnund 
Wilson  was  the  leader  of  a  party  of  ne^irly  one  hundred  to  Coxwold, 
By  land  and  Rievaulx  Abbey  and  to  Ilelmsley. 
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As  in  previous  years  it  is  with  pleasure  that  the  indebtedness  of 
the  Society  is  expressed  to  those  gentlemen  who  have  acted  as  Local 
Secretaries.  The  following  is  a  list  of  the  Local  Secretaries  together 
with  the  districts  which  they  represent :  — 


Bamsley    •• 

Bradford    

Bridlington       ..;     ... 

Driffield     

Halifax      ...     

Harrogate 

Hudderafield     

XJ%JvUO    •••         •••  •••  ••• 

Lejburn  and  Wenaley- 

umc        •••      •••      ••• 

Thirsk        

A  \J&  A        •••  •••  •••  ••• 


T.  W.  H.  Mitchell,  BarnBley. 

Thos.  Tate,  F.G.S.,  6,  Eldon  Mount,  Leeds. 

G.  W.  Lamplugh,  Bridlington  Qoay. 

Rev.  E.  Maule  Cole,  MA,  Wetwang,  near  York. 

Geo.  Patchelt,  Junr.,  Ualifax. 

B.  Peach,  Harrogate. 

P.  Sykes,  33,  Estate  Baildinga,  Hadderafield. 


William  Home,  F.G.S ,  Ley  burn. 

W.  Gregson,  Baldereby,  Thiisk. 

W.  M.  Platnauer,  The  Museum,  York. 

This  Society  exchanges  its  proceedings  for  those  of  the  Societies 
whose  names  are  appended.  The  thanks  of  the  Society  are  hereby 
tendered  to  those  Societies  for  their  respective  contributions. 

Eaaez  Naturalists'  Field  Club. 

Norwich  Geological  Society. 

Memorias  de  la  Sociedad  Cientifioa  "Antonio  Alsate,"  Mexico. 

Warwickshire  Natural  History  and  Aroheologioal  Society. 

Boyal  Society  of  Tasmania,  Van  Dieman's  Land. 

Boyal  Dublin  Society. 

Boyal  Academy  of  Science,  Stockholm,  Sweden. 

G^logical  Association,  Liverpool. 

Boyal  Historical  and  Aroh»ological  Association  of  Ireland. 

eulogists'  Association,  London. 

Manchester  Geological  Society. 

Literary  and  Philosophical  Society,  Liverpool. 

Boyal  Institution  of  Cornwall. 

Boyal  Geological  Society  of  Ireland. 

Midland  Naturalist,  Birmingham. 

Academy  of  Natural  Sciences,  Philadelphia,  U.S.A. 

Natnrhiatorischen  Hof  museum,  Wien,  Austria. 

Societie  Imperiale  des  Natnralistes,  Moscow. 

United  States  Geological  Survey  of  the  Territories,  Washington. 

Boston  Society  of  Natural  History,  U.S.  America. 

Hull  Literary  and  Philosophical  Society. 

Connecticut  Academy  of  Arts  and  Sciences. 

Academy  of  Science,  St.  Louis,  U.S.  America. 
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HtaterlfMl  Bodatjj  of  LuioMhire  and  Ohrtliin. 

Gwlovioal  Sooiolj  of  London. 

Sogral  Unirenftj  of  Nonraj,  Ohriotkna. 

Boottt^Gedlogfqae  du  Noid,  Lille. 

Bo jal  Booiofej  of  Bdinbui^ 

Bogral  Oookftel  Bodfltjj  of  OwnwalL 

Qoolofioal  Sooielj  of  EdiBbazgh. 

Rciyal  Phjdoal  Booietj  of  Bdinbnrgh. 

Ovmigt  OT«r  defe  Konigelige  Danake  Yldoiwhabeniei  Selakabs,  K jopenhaTO. 

MoMam  of  GompamtiTa  Zoology,  Oambridge,  U.S.A. 

Whtted  Natural  Hiiteify  Bocietjy  and  Rartforddiiza  Fiald  COnb. 

Birmingham  Nataral  EUiUnj  and  Mietofloopioal  Booie^. 

Briitol  Natoralkto*  Booiflftgr 

Leoda  Qtologioal  Aaaocilitifcin 

Patent  Offloe  Libraiy,  London 

Powia  Land  NatoraUata^  OInli,  Abeiyafewitii 

American  Philoaophioal  floototy,  Philadelphia»  U.S.A.. 

Gomit6  Gedogiqae  de  Boaaia^  St.  Peteralmrg 

Elisha  Mitohell  Sdentifio  Society,  Ghapel  Hill,  U.S.  America 

Elliott  Society  of  Science  and  Art,  Charleston,  U.S. A. 

Your  Secretary  attended,  as  the  representative  of  the  Society, 
the  meetings  of  the  corresponding  Societies  at  the  Britisli  Association. 
He  presented  the  fourth  report  of  tlie  Gonnnittee  for  "  ascertaining 
and  recording  the  locahties  of  the  British  Islands  in  which  evidences 
of  the  existence  of  Pre-Historic  Inhabitants  of  the  country  are  found." 
The  Committee  consists  of  Sir  J.  Lubbock,  Profs.  Boyd  Dawkin.'^  an<i 
ilehlola,  Drs.  Evans,  Munro,  and  Muirliead,  Messrs.  Pengelly  and 
Hicks,  witli  Mr.  James  W.  Davis  as  Recorder  and  Secretary. 

The  Committee  of  the  association  for  the  Collection,  Prefer vatiiMi 
and  Systematic  Registration  of  Ph()tograi)hs  of  Geological  interest, 
was  attended  by  three  members  of  the  Society,  namely,  Messrs.  J.  E 
Bedford,  R.  H.  Tiddeman  and  James  W.  Davis,  who  are  mombers  of 
the  Committee. 

A  Committee  was  appointed  for  "  the  Investigation  of  the  Caveat 
Elbolton,  near  Skipton,  in  order  to  ascertain  whether  the  remains  of 
Palaeolithic  man  occur  in  the  Ijower  Cave  Earth."  The  Committee 
consists  of  7  members  of  whom  4,  viz  :— James  W.  Davis  (Chairman), 
Rev.  E.  Jones  (Secretary),  R.  H.  Tiddeman  and  J.  J.  Wilkinson  are 
members  of  this  Society.  A  grant  of  £25  was  made  to  enable  the 
Committee  to  carry  on  the  work. 
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HlMcletl  Bodbtij  of  ImmaaMn  %nA  OMbibn. 

CkologliMi  Sodolj  of  London. 

So7»l  UnireEiftj  of  Hbrwajv  Ohrktii&a. 

SooDlMtookgiqae  d«  Noid,  LQle. 

Boyal  Sooiofej  of  Bdinbui^ 

Bogral  CtookfioAl  Sooiel^  of  OcmiwalL 

Qoologloil  Soolelj  of  BdiBbuigli. 

Rojal  Phjdoal  Booielj  of  BdlnlNizgli. 

Ovmigt  OTor  dot  Konifdige  Dsnoke  YidouikaboniOB  Sdotaibo,  K joponhoTB. 

Mooeam  of  OompfttaHro  Zoology,  OMnbridge,  1T.8.A. 

Wiilted  Natnnl  Hiiteiiy  Boolelgr  and  Herlfoi^Uiiio  Pkld  (Mb, 

Birmingham  Notoiol  Hiitoiy  and  Mietoooopiool  Booie^. 

Brirtol  Natoxaikto*  Sooiotir 

Leodo  Ooolofloai  AMOOIalion 

Patent  Offloe  Libniy,  London 

Fowls  Land  Natoraliati^  Otab,  hbmn^MA 

Amorioan  Philoaoidiioal  Sooiotj,  Pldladdphia,  U.8.  A. 

GomiM  Goologiqae  do  Bnndo^  St.  PotaEaboxg 

Elisha  Mitohell  Scientific  Society,  Ghapel  Hill,  U.S.  Aoserica 

Elliott  Society  of  Science  and  Art,  Charleston,  U.S.A. 

Your  Secretary  atteuded,  as  the  representative  of  the  Society, 
the  meetings  of  the  corresponding  Societies  at  the  British  Association. 
He  presented  the  fourth  report  of  the  Committee  for  **  ascertaining 
and  recording  the  localities  of  the  British  Islands  in  which  evidences 
of  the  existence  of  Pre-Historic  Inhabitants  of  the  country  are  found." 
The  Committee  consists  of  Sir  J.  Lubbock,  Profs.  Boyd  Dawkins  and 
Meldola,  Drs.  Evans,  Munro,  and  Muirhead,  Messrs.  Pengelly  and 
Hicks,  with  Mr.  James  W.  Davis  as  Recorder  and  Secretary. 

The  Committee  of  the  association  for  the  Collection,  Preservation 

and  Systematic  Registration  of  Photographs  of  Geological  iiit^rest, 

was  attended  by  three  members  of  the  Society,  namely,  Messrs.  J.  E 

Bedford,  R.  H.  Tiddeman  and  James  W.  Davis,  who  are  members  of 

the  Committee. 

A  Committee  was  appointed  for  "  the  Investigation  of  the  Cave  at 

Elbolton,  near  Skipton,  in  order  to  ascertain  whether  the  remains  of 

Palaeolithic  man  occur  in  the  Lower  Cave  Earth.*'     The  Committee 

consists  of  7  members  of  whom  4,  viz  : — James  W.  Davis  (Chainnan), 

Rev.  E.  Jones  (Secretary),  R.  H.  Tiddeman  and  J.  J.  Wilkinson  are 

members  of  this  Society.    A  grant  of  £25  was  made  to  enable  the 

Committee  to  carry  on  the  work. 
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BomvaroK,  Principal  N.,  M. A.«  ftc,  TIm  Toikshiie  CoIl^;e,  Leeds. 

HiroHW,  Prof.  T.  McE.,  P.RS.,  fte.«  Gambridlge. 

JiTDD,  Pn£  Jvo.  W.»  P.R.S.,  Sdence  Dqiirtmait.  Soath  KmimiigtcHi, 

London. 
WiLLUMSOV,  Prot  W.  C  P.RJ3..  Owm'e  Colkge,  Manchester. 
Woodward,  Hbnbt,  Esq.,  L.L.D.,  F.&8.,  ftritiah  Mneemn,  (Natmml 

Histoiy),  London,  S.W. 


*  Abbot,  R.  T.  G.,  Whitley  House,  Malton. 
Atkinson,  J.  T.,  F.G.S.,  Hill  Field  House,  Selby. 
*AcKR0YD  W.,  Borough  Analyst,  Halifax. 

Bailey,  Geo.,  22,  Burton  Terrace,  York. 

Balme,  E.  B.  W.,  J.R   Cote  Hall,  Mirfield. 

Bartholomew,  Chas.,  Castle  Hill  House,  Ealing,  Middlesex. 
^Bartholomew,  C.  W.,  Blakesley  Hall,  near  Towcastor. 

Bayly,  Rev.  T.,  Weaverthorpe. 

Beaumont,  Hy.,  Elland. 

Bedford,  James,  Woodhouse  Cliflfe,  Leeds. 

Bedford,  J.  E.,  F.G.S.,  Clifton  Villa,  Cardigan  Road,  Leeds. 

Berry,  Wm.,  King  Cross  Street,  Halifax. 

Binnie,  a.  R.,  F.G.S.,  M.  Inst.  C.E. 

BiNNs,  J.  A.,  11,  Oak  Lane,  Manningham. 
*Booth,  James,  F.G.S.,  Spring  Hall,  Halifax. 

BouLD,  Chas.  H.,  Halifax  Old  Road,  HuddersfielA 
*BowMAN,  F.  H.,  D.Sc,  F.R.A.S.,  P.C.S.,  F.G.S.,  Halifax. 

Bradley,  George,  Aketon  Hall,  Featherstone. 

Bribrley,  H.  G.,  Glen  View,  Huddersfield. 
*Brigg,  John,  J.P.,  F.G.S.,  Keighley. 
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*Briogs,  Arthur,  J. P.,  Cragg  Royd,  Rawden,  Leeds. 

Broadhead,  John,  St.  John's  Colliery,  Normautou. 

Bromley,  J.  Harrison,  14,  Lodge  View,  Tong  Road,  Leeds. 

Brooke,  Ed.,  jun.,  F.G.S.,  Fieldliouse  Clay  Works,  Huddersfield. 

Brooke,  Lieut. -Col.  Thos.  J.P.,  Armitage  Bridge,  Huddersfield. 

Brownridge,  C,  C.E.,  F.G.S.,  2o6,  Buriey  Mouut,  Leeds. 
"^'Buckley,  George,  juu.,  Waterliouse  Street,  Halifax. 

Butler,  J.  Dyson,  Estate  Buildings,  Huddersfield. 

Carter,  Jas.,  Burton  House,  Bedale. 

Carter,  R.,  C.E.,  F.G.S.,  Spring  Bank,  Han-ogate. 
*Cash,  W.,  F.G.S.,  Elmfield  Terrace,  Halifax. 

Chadwick,  Wm.,  Arksey,  Doncaster. 
^Charlesworth,  J.  B.,  J.P.,  Wakefield, 

Cheetham,  W.,  Horsforth,  near  Leeds. 
*Clark,  J.  E.,  B.A.,  B.Sc,  20,  Boothain,  York. 

Cole,  Rev.  E.  Maule,  M.A.,  F.G.S.,  Wetwang  Vicarage,  near  York. 

Critchison,  Rev.  J. 

Crossley,  Lieut. -Col.  Louis  J.,  J.P.,  F.R.M.S.,  Moorside,  Halifax. 

Crowther,  F.,  Northowram,  near  Halifax. 

*Dakyn8,  J.  R.,  M.A.,  of  H.M.  Geological  Survey,  28,  Jermyn  Street, 
London,  W. 

Dalton,  Thos.,  Albion  Street,  Leeds 

Dartmouth,  Earl  of,  PatshuU  House,  Wolverhampton. 
-Davis,  James  W.,  F.S.A.,  F.G.S.,  F.L.S.,  Chevinedge,  Halifax. 

Davis,  J.  H.  Grant,  Greetland,  Halifax. 

Davis,  R.  Hayton,  F.C.S.,  Harrogate. 

Dawson,  Oswald,  Caledonian  House,  Leeds. 
*Denham,  Charles,  London. 

Dewhurst,  J.  B.,  Airville,  Skipton. 

DoBSON,  M.  G.,  Stannary  Hall,  Halifax. 

DoDSWORTH,  Sir  Charles,  Bart.,  Thornton  Watlass,  Bedale. 

DoLAN,  T.  M.,  M.D.,  Horton  House,  Halifax. 

Dbury,  Ed.,  Halifax. 
*DuNCAN,  SuRR  W.,  Horsforth  Hall,  Horsforth,  near  Leeds. 

Durnford,  W.  St.  John,  Swaithe,  near  Bamsley. 
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bmr,  J.  IUt,  F.Q.&,  CMtai  Qisiie^  Slqpbn. 
finmraHAM ,  Eari  oC  Tnsmore  Hm»0»  Bieerter. 
Bmbldov,  T.  W.,  Tbe  Gedais,  MetUqr. 
BmtoiT,  W.,  The  Squate*  Hali&z. 

Fabkab  Jambb,  Old  Foundiy,  Banifiiej. 
Fbvhseh  Chas.  W.»  Weslgate,  Wal^dd. 
FnouD  JosKPH,  West  Parade,  HndiforBfidd. 
Frswiluax,  Eari,  K.6.,  Wentwortli  WoodBioiiee,  near  Rofterfiaiii 
^Funmra,  Pbavoxb,  film  GioTe,  EUifiuc 
FmDj  J.  Rawumsov,  61,  Albion  Slveet^  Leeds. 
Pox,  M.,  jnn.,  Miifield. 

Oalwat,  Viscount,  Serlby  Hall,  Bawtiy. 

Oarfobth,  W.  E.,  G.E.,  P.G.S.,  Halesfidd,  Kcmnanton. 
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